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HEART VOLUME VARIATIONS IN THE 
NEONATAL PERIOD 
1. Normal infants 
by 


S. R. Kjellberg, U. Rudhe and R. Zetterstrém 


The changes in heart volume which occur during infancy and early 
years of childhood have recently been described by Linp in a thesis 
(1950). Results of investigations concerning the changes which take 
place during the neonatal period have also been reported in this thesis 
but have not taken into especial consideration the conditions which 
arise during the first week of adjustment to extrauterine life. 

Abnormal heart volumes during the neonatal period have been sup- 
posed to occur in infants of diabetic mothers (MILLER, 1944), in morbus 
hemolyticus neonatorum (ScHRIDDE, 1910) and also in asphyxia neo- 
natorum with congenital atelectasis (MARTIN and FRIEDELL, 1952). 

MarTIN and FRIEDELL, who in an investigation concerning the 
roentgenologic findings in atelectasis in the newborn, took special notice 
of the normal variations in the size of the heart in the neonatal period, 
seem to be the only ones to have reported conclusive findings with 
regard to the extent of the changes in the heart size in such conditions. 
These workers determined the cardiothoracic ratio on 33 healthy full- 
term infants on the first, third and fifth day of life, finding a significant 
decrease of the ratio during the first three days. 

Independently of this investigation, the present authors, as a basis 
for a study of the size of the heart in the neonatal period, complicated 
by the aforementioned conditions and by other types of congenital 
abnormality, have also investigated the normal heart volume changes 
during the first five days of life. 

The results communicated in this report have been presented in brief, at the 18th 
Congress of the Northern Association of Medical Radiology in Helsingfors, 10 June 
1952. The article by Martin and FrriepE.t which is quoted, appeared in the June 1952 
issue of Am. J. Roentgenol. 

Submitted for publication, January 27, 1954. 

From the Roentgendiagnostic and Medical Departments, Pediatric Clinic, Karo- 
linska Sjukhuset, Stockholm, Sweden. 

13—540088. Acta Radiologica. Vol. 42. 
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Material 


Thirty-five full-term newborn infants were investigated: in all of these 
the birth had been completely free of complications and on careful clinical 
examination none of them showed any signs of sickness or abnormality, 
The initial determination of the heart volume was in all cases done at 
some time during the first day of life, in some cases immediately after 
birth and in others up to 23 hours following birth. Most of the infants 
have been investigated in all, three times, the other two determinations 
being performed either on the second or third day, or on the fourth 
or fifth day. In some individual cases four or five determinations have 
been performed. The statistical data are based on 63 observations in all. 

The heart volume has also been determined on 16 prematurely born 
infants. The birth weight in this smaller material was fairly evenly 
distributed between 1,000 and 2,500 g; it can therefore be taken as 
representative and as a basis for the normal heart volume associated 
with varying birth weights. It has not been possible to carry out the 
determinations at times fixed beforehand, owing to the special character 
of the material. Some cases have been investigated during the first days 
of life, but in others it has been necessary to defer the examination until 
the infants were a few days old. No cases showing the usual signs of 
postnatal asphyxia have been included. By means of roentgenologic 
examination it has often been possible to prove the existence of wide- 
spread atelectasis, especially when such examination was carried out 
during the first day of life. Atelectasis of lesser extent has been con- 
sidered a normal postnatal finding, provided that signs of asphyxia were 
not present. 

Method 


The heart volume has been determined roentgenologically by the 
aid of the ellipsoid formula of RoHRrEeR (1916/1917) and KanustTorr 
(1932). Two antero-posterior views and one lateral view were obtained 
of the thorax and the anterior surface measurement calculated from the 
one which in each examination showed the highest value. To obtain a 
satisfactory depth measurement of the heart a small amount of thin 
barium contrast was given per os to outline the oesophagus. 

The exposure time in all cases has been 0,003 of a second. The 
films have not shown any blurring of outline due to respiration or heart 
movements. For calculation of the heart volume the factor 0.40 has 
been used. In this factor is included both the ellipsoid formula constant 
and the constant which is dependent on the enlargement of the film. 
The target-film distance has been 125 cm. 

Statistical methods: The difference was calculated between the first 
and second, third, fourth and fifth day’s heart volume respectively 
according to the usual statistical methods and a graph constructed from 
the average values. 
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Diagram 3. Mean values of heart volume Diagram 4. Percentage decrease 
in the first five days after birth in full- in heart volume computed on the 
term infants. n= number of differences interval between the first and 
in heart volume in consecutively in- third day correlated to placental 
creasing intervals. weight in 14 cases. 
Results 


Diagram 1 shows the correlation between weight and heart volume 
during the first day of life. The standard deviation around the regression 
line is 12 % of the mean value of the heart volumes. The diagram 
demonstrates a clear relationship between weight and heart volume: 
the condition is the same as in later years (LUDWIG, 1939). 

Diagram 2 shows that the same relationship holds good in the case 
of prematurely born infants. 

The changes in heart volume during the first five days of life derived 
from 63 different observations are evident from the mean value curve 
shown in Diagram 3. The mean differences and their standard errors for 
the first five days are shown in Table I. The absolute heart volumes 
for the first to the fifth day are 48, 40, 38, 35 and 37 ml respectively. 
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Table I 
Differences in heart volume in consecutively increasing intervals 


(n = number of differences) 


Ist—2nd day Ist—3rd day Ist—ith day Ist—5th day 


n= 16 n= 18 n 12 n=17 
Absolute figure in ml..... 8.4 +15 10 +- 1.3 13 + 2.5 11.3 + 1.2 
Percent of mean heart vol- 
ume measured during the 
first day (48 ml) ....... 16 3 20 6 a 3.8 23.5 2.1 


Table II 


Postnatal change in heart volume in four, selected, prematurely born infants 


7 : Birth weight han Weight on Heart 
Case Number examination volume 
in grams in days 
. in grams in ml 
3 1,280 15 
9 1,390 13 
1,660 0 1,650 24 
2 1,470 17 
6 1,480 15 
15 1,660 14 
Ill. 1,940 0 1,920 20 
2 1,740 17 
6 1,700 15 
2 2,030 20 
13 2,040 17 


The difference between the first and second days is statistically signif- 
icant. Analysis of variance, on the other hand, revealed no definite 
difference between the values during the second to the fifth days. 
Corresponding differences calculated on heart volume during the first 
day of life are 16, 20, 25 and 22 % respectively. The maximum fall in 
weight is on the average 7.5 % of the birth weight. Fig. 1 shows this 
drop in heart size in one of the infants investigated. 

In the case of the prematurely born infants the reduction of heart 
volume has, as a percentage, been considerably greater than the decrease 
in weight. Since the number of cases investigated has been somewhat 
small and the determinations impossible to carry out at fixed time 
intervals, a statistically accurate record of the decrease in heart volume 
has also not been possible. Table II shows the heart volume at different 
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Fig. 1. Heart volume and configuration in one of the full-term infants during a. the 
first day (60 ml), b. the third day (44 ml), c. the fifth day (40 ml). 
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times during the first day in certain cases which can be supposed to 
be representative. 

Since it seems probable that the changes found in the heart volume 
are in part connected with a decrease in blood volume in the infant at 
the time of the interruption of placental circulation, we have investigated 
the possibility of a relationship between heart volume and placental 
weight. Diagram 4 shows that no such relationship can be established. 


Discussion 


MartIN and FRIEDELL observed a significant decrease in the cardio- 
thoracic ratio from the first to the third day, while no difference was 
found between the third and fifth days, which agrees with our findings. 

In the newborn the muscle mass which is present in the right side 
of the heart, is, in relation to the total mass of heart muscle, relatively 
greater than later in life. In the months following birth the muscle mass 
in the left side of the heart increases relatively more than that of the 
right side (Brock, 1932). The initial, transient reduction of the heart 
volume is obviously not affected by this process. The change in heart 
volume must be interpreted as dependent on a diminished expansion 
of the cavities of the heart, and is certainly not related to any measur- 
able change in muscle mass. 

In adults, as in older children, a relationship between blood and 
heart volumes has been proved (KJELLBERG, RUDHE and SJésTRAND, 
1949), and for this reason, it seems probable that the reduction in heart 
volume, which occurs during the first day of life, depends on a decrease 
in blood volume. The adjustment of the circulation, which takes place 
immediately after birth, includes among other things, the cessation of 
the placental circulation and the closing of the ductus arteriosus and 
foramen ovale. With cessation of the placental circulation there occurs 
an immediate decrease of blood volume, corresponding to the amount 
of blood left over in the placenta. According to Barcrorr (1948) from 
experiments in sheep, the blood flow through the placenta is as much 
as half the minute volume. A further reduction occurs during the first 
days of life resulting from haemoconcentration. From the haemodynamic 
point of view these factors must combine to diminish the load on the 
heart after birth. Although, in this investigation, no relationship has 
been found between postnatal reduction of heart volume and measured 
placental weight, cessation of placental circulation may nevertheless be 
a significant factor. Gross weight measurements of the placenta may not 
reflect blood content accurately. The increase in viscosity which arises 
from postnatal haemoconcentration must on the other hand cause an in- 
creased strain on the heart. It seems reasonable to assume that the fac- 
tors which contribute to a reduction of the load on the heart obviously 
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compensate for the increase of resistance which results from the rise 
in viscosity. It is difficult to say to what extent the high oxygen satura- 
tion of the blood, following the change over to extra-uterine life, together 
with the closure of the ductus arteriosus and foramen ovale, is related 
to the observed decrease in heart volume during the first days of life. 

One case studied by us supports the possibility of a correlation. A 
male infant (L-d. 52 11 28, birth weight 2,100 g) who was asphyctic at birth 
and who on roentgenologic examination on the third day showed fairly 
marked atelectasis in both lungs, had at that time a heart volume of 
28 ml. The auscultatory findings from the heart were negative. The 
following day, when a slightly accentuated second sound was heard over 
the base, the heart volume was 36 ml. Auscultation on the fifth day, 
when the heart volume was 41 ml revealed a continuous murmur with 
maximum intensity over the 2nd intercostal space, when the infant 
strained. The next day auscultatory findings over the base of the heart 
were once again negative and the heart volume had diminished to 35 
ml. Five days later the heart volume was 26 ml. The body weight was 
constant during this period and the atelectasis in the lungs had essen- 
tially the same distribution as at the beginning. 

In another case (J-n 52 10 11) with, a typically localized continuous 
murmur intermittently present in the neonatal period the diagnosis of 
a patent ductus arteriosus was confirmed by catheterization (B. Jons- 
son). In this case the heart volume was constant which could be ascribed 
to severe mb. hemolyticus neonatorum. 

The mode of action of the different causes for the decrease in heart 
volume is certainly so complicated that for the present it is impossible 
to draw any exact conclusions concerning the underlying physiologic 
mechanism. From the clinical viewpoint, however, the decrease in heart 
volume which occurs during the first days of life is so great that this 
fact must be kept in mind when assessing the significance of heart 
size in infants with abnormalities of the respiratory or circulatory systems 
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SUMMARY 


Heart volume has been determined in full-term and prematurely born infants 
at various times during the neonatal period. A good correlation between body weight 
and heart volume was found in both groups. The standard deviation around the re- 
gression line is not greater than is the case in later life. After birth a decrease in heart 
volume occurs, both in full-term and prematurely born infants. Heart volume reaches 
a minimum during the fourth day of life, the reduction in the case of full-term subjects 
being, on the average, 25 % and the observed mean values for the first to the fifth 
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days of life 48, 40, 38, 35 and 37 ml respectively. The difference between the first and 
second days of life is statistically significant. The physiologic reason for the reduc- 
tion in heart volume i§ discussed. 


ZUSAMMENFASSUNG 


Das Herzvolumen ist bei ausgetragenen und bei vorzeitig geborenen Siauglingen zu 
verschiedenen Zeitpunkten der Neugeburtsperiode bestimmt worden, In beiden Gruppen 
wurde eine gute Korrelation zwischen Kérpergewicht und Herzvolumen gefunden. 
Die Streuung um die Regressionslinie herum ist nicht grésser als dies im héheren Alter 
der Fall ist. Nach der Geburt tritt eine Abnahme des Herzvolumen sowohl bei aus- 
getragenen als auch bei primaturen Siuglingen auf. Das Herzvolumen erreicht am 4. 
Lebenstage ein Minimum; die Volumenverminderung ist bei ausgetragenen Individuen 
im Durchsnitt 25 %. Die absoluten Werte fiir die ersten 5 Lebenstage sind bei diesen 
Sauglingen 48, 40, 38, 35 und 37 ml. Die Differenz zwischen dem 1. und 2. Lebenstage 
ist statistisch sichergestellt. Der physiologische Hintergrund zur Abnahme des Herz- 
volumens wird besprochen. 


RESUME 

Le volume du coeur a été caleulé a différentes époques au cours de la période néo- 
natale chez des nourrissons nés & terme et prématurément. On a trouvé dans ces deux 
groupes une bonne corrélation entre le poids corporel et le volume cardiaque. La disper- 
sion autour de la ligne de régression n’est pas supérieure 4 ce qu’elle est ultérieurement. 
Aprés la naissance, le volume cardiaque diminue, tant chez les nourrissons nés 4 terme 
que chez les prématurés. Le volume du cceur atteint un minimum au cours du quatriéme 
jour de la vie, la réduction de volume étant en moyenne, chez les sujets nés 4 terme, de 
25 %, et les valeurs absolues étant, du premier au cinquiéme jour de la vie, de 48, 40, 
38, 35 et 37 ce. respectivement. La différence entre le premier et le deuxiéme jour de la 
vie est statistiquement significative. Les auteurs examinent la raison physiologique de 
cette réduction du volume du cceur. 
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FROM THE ROENTGEN DEPARTMENT (DIRECTOR: HEINO LAITINEN) OF THE SURGICAL 
CLINIC, UNIVERSITY OF HELSINKI, FINLAND 


RETROGRADE PYELOGRAPHY ‘WITH HYDROGEN 
PEROXIDE IN THE CONTRAST MEDIUM 


A Preliminary Report 
by 
Paavo Klami 


In a previous paper (1953), the writer advocated the addition of 
hydrogen peroxide to the contrast medium for the radiologic visualization 
of ulcerative processes in the oesophagus. There is formation of foam 
and elevation of the contrast medium from the site of the ulcerative 
process due to the capacity of pus cells and of blood to decompose hydro- 
gen peroxide into oxygen and water. Since it appeared that at least one 
of the standard contrast media used for retrograde pyelography is not 
decomposed when the necessary amount of hydrogen peroxide is added, 
a series of experiments was carried out to test the applicability of the 
principle to retrograde pyelography. The present paper is a preliminary 
report on these experiments. 

The indications and contra-indications are the same as those for 
ordinary retrograde pyelography. There are many who consider that 
retrograde pyelography is contra-indicated in inflammation of the upper 
parts of the urinary tract, especially in tuberculosis, because a possible 
backflow may generalise the infection (LinpBom 1944, EpLInG 1952); 
there are others, however, who do not believe that any danger of this 
kind can arise. K6HLER (1953) analysed 949 cases of retrograde pyelo- 
graphy with inflammatory renal changes in 234, of which 32 were cases 
of tuberculosis. Although 45 of the 234 cases showed signs of backflow 
(the examinations were mostly carried out by injection without fluor- 
oscopic control), no complications occurred. In the University Surgical 
Clinic, Helsinki, inflammatory processes have not been taken as contra- 
indications to retrograde pyelography. The addition of hydrogen per- 
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oxide to the contrast medium is particularly suited in cases in which 
conventional retrograde pyelography has not shown definite changes, 
but in which laboratory examination of the renal urine has revealed 
the presence of blood elements suggestive of an ulcerative process and 
capable of decomposing hydrogen peroxide. 

The contrast medium used was May & BakeEr’s water-soluble Urio- 
done Forte, containing the diethanoamine salt of 3 : 5 di-iodo-4-pyridone- 
N-acetic acid 50 per cent w/v and, according to the manufacturers, 
producing no irritating effect when used in retrograde pyelography as 
a 35 per cent solution. As to the tolerance of this preparation to an ad- 
dition of hydrogen peroxide, the manufacturers wrote: »It is stated that 
the addition of hydrogen peroxide 5 per cent to Uriodone Forte produces 
a yellow colouration on standing after 3 to 4 days due to the liberation 
of free iodine. The amount of iodine liberated is less if the material is 
stored in the dark, but is more marked if the solution is heated. In view 
of this report it would seem that there is no immediate appreciable de- 
composition and the mixture could probably be used for your purpose 
if employed shortly after preparation. We are of the opinion that any 
solution showing a yellow colouration would, however, be irritating and 
its administration to patients should be avoided.» 

The mixture was prepared by adding saline and 30 per cent hydrogen 
peroxide to Uriodone Forte to make a solution containing Uriodone 35 
per cent and hydrogen peroxide 3 or 1.5 per cent. The former hydrogen 
peroxide content was used when only a few erythrocytes and leukocytes 
were encountered in the urine sample and the latter when they were 
present in abundance. 


Technique. The introduction of catheters into the ureters should be 
carried in such a manner as to avoid any injury to the mucous membrane, 
preferably under fluoroscopic control, and the end of the catheter should 
reach the opening of the renal pelvis. A sufficient amount of urine is 
collected in test tubes for laboratory examination. If the catheterised 
urine is macroscopically red or markedly cloudy in appearance, the pelvis 
is irrigated once or twice with a few cubic centimetres of physiologic 
saline, and immediately before the examination the emptying of the 
pelvis is facilitated by slight aspiration. The injection of the contrast 
medium is performed by means of a syringe with the minimum of pres- 
sure and under fluoroscopic control. Backflow should be avoided if pos- 
sible, and there is no reason to distend the renal pelvis and calices because 
this may render the assessment of the pyelograms difficult. The first 
pyelogram is taken as soon as possible after the contrast medium has 
filled the renal recesses. The second view is taken some 15 seconds later 
and the subsequent ones at’ intervals of half a minute or so with one 
or two in an oblique projection. Four exposures are usually enough. When 
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Fig. 1. A pig’s kidney 15 sec- Fig. 2. Case 1. Hypernephroma. The contrast me- 
onds after the injection of a dium with H,O,, producing abundant foam, has 
contrast medium containing been removed by the excreted urine. The kidney 
H,O,. Foam is formed at sites has then been filled with ordinary contrast me- 
shown on cross-section to have dium. Some foam remains in the upper calix, in 

mucosal lesions, which the excretion of urine is apparently dis- 


turbed. The form of the renal pelvis and calices 
and the filling defects suggest a tumour. 


the first pyelogram has been taken the syringe is detached from the 
catheter to avoid any building up of pressure within the renal pelvis. 
If marked gas formation is revealed by fluoroscopy, aspiration by slightly 
withdrawing the piston of the syringe may be advisable, though there 
is no reason to assume that the ureter does not provide an adequate 
relief for the pressure. 

The first experiments were carried out on pigs’ kidneys obtained from 
an abattoir. The hydrogen peroxide content of the contrast medium was 
3 per cent. One of the kidneys did not show foam formation immediately 
after the injection, but 15 seconds later some was present in several 
situations (Fig. 1). When the preparation was opened, the areas affected 
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were found to be mucosal lesions due probably to rough handling in 
removing the kidney from the carcases. 


Case reports 


Case 1. V. L., a farmer, aged 70. At the beginning of 1953, blood appeared in 
the urine without any other symptoms. Urography carried out on that occasion and later 
in the spring yielded negative results. Persistent fever (38° to 39° C ax.) set in on 20 
July, without other signs. The patient was admitted on 17 August, in good general 
condition and without symptoms. The blood pressure (RR) was 120 mm Hg. The non- 
protein nitrogen was 30 mg 100 ml and the sedimentation rate 35 mm in an hour. Urine 
catheterised from the left kidney was yellow and turbid in appearance, acid, and con- 
tained albumen (opalescent). The sediment showed a few erythrocytes, but no leukocytes 
in the field of vision. Retrograde pyelography was carried out on 20 August, with hydrogen 
peroxide 3 per cent in the contrast medium. Under fluoroscopic control the renal cavity 
filled well. The first pyelogram was taken immediately, but the uppermost calix was 
already empty. This calix and the renal pelvis showed some foam formation, which ad- 
vanced towards the bladder along the ureter. The contrast medium was allowed to flow 
out from the renal pelvis, and the urine washed the rest of it away, but some foam re- 
mained in the upper calix, apparently owing to a disturbed excretion of urine. When, 
ten minutes later, Uriodone without hydrogen peroxide was injected, the foam which 
remained prevented it from entering the upper calix (Fig. 2). The finding suggested 
ulcerative changes, most marked in the uppermost calix, and there were filling defects 
typical of a tumour. Nephrectomy was performed. The kidney was the size of a clenched 
fist, nodular and firmer than normal, and there were numerous metastases in the vicinity. 
The cut surface was infiltrated throughout by yellowish-grey tumour tissue, and the 
ealices and pelvis compressed into narrow passages. The changes were most marked 
in the upper part, which, like the pelvis, showed mucosal defects. The tumour was 
diagnosed histologically as a hypernephroma. 

Considering the fact that the urine had contained blood some eight months previously, 
it seeems that a correct radiologic diagnosis would have been feasible at an earlier date 
had retrograde pyelography with hydrogen peroxide in the contrast medium been 
carried out. 


Case 2. KE. A., a farmer’s wife, aged 20. Ten years previously the patient had had 
pleurisy. In March 1953, tuberculosis of the right kidney and ureter was diagnosed. 
The urine contained an abundance of erythrocytes and leukocytes. Staining for tuber- 
culosis: positive in the right kidney, negative in the left kidney. Retrograde pyelography: 
left kidney — normal; right kidney — distinct tuberculous changes with small cavities 
in the upper and lower calices. Conservative treatment. 

Examination of the urine catheterised from the right kidney on 19 August revealed 
a number of erythrocytes and a few leukocytes within the field of vision. Retrograde 
pyelography, with hydrogen peroxide 3 per cent in the contrast medium, was carried 
out on the same day. The left kidney was negative. The pelvis of the right kidney was 
dilated, and fairly large cavities were noted (Fig. 3a). In the second film, the lowest 
cavity and the middle calix showed filling defects (Fig. 3 b). Bubbling foam was visible 
in the pelvis. The findings suggested ulcerative changes most marked in the lower part 
of the kidney. Nephrectomy was carried out. The lower pole of the kidney was adherent 
to the adjacent tissues and showed some cicatrization of its surface. A cross-section 
revealed a nodular appearance near all the calices. There was a cavity the size of the 
tip of the litte finger at the lower pole and a number of smaller cavities in the cranial 
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Fig. 3a. Case 2. Tuberculosis. The kid- Fig. 3 b. Same case 15 seconds later. The 

ney immediately after the injection of a contrast medium has been pushed at A 

contrast medium with H,0,. Foam for- and B. Some foam formation in the 
mation has scarcely begun. renal pelvis. 


portion. Post-operative recovery was uneventful. The condition was diagnosed patho- 
logically as tuberculosis of the right kidney and ureter. 


Case 3.8. R., a university student, aged 26. Tuberculosis of the left lung had been 
diagnosed in 1949. It had been treated by artificial pneumothorax up to 5 June 1953. In 
April 1953, the patient had transient pain on micturition and pollakiuria. Towards the 
end of June, pain in the left side of the back appeared. Dysuria occurred again and the 
urine was occasionally reddish in colour. The patient’s general condition was good. 
There was slight tenderness to palpation on the left side of the abdomen, but none to 
percussion of the back. Examination of a catheter specimen of urine on 13 August revealed 
cloudiness but not albumen. Leukocytes were found in the sediment, but no erythrocytes; 
staining for tuberculosis yielded a positive result. Urography carried out on 14 August 
showed that the uppermost calix on the left side was somewhat indistinctly demarcated, 
suggesting backflow or early tuberculosis. Cystoscopy revelaed a swollen and reddened 
left ureteric opening. Urine catheterised from the left kidney was pale yellow and somewhat 
cloudy in appearance and contained albumen. Within the field of vision, the sediment 
contained a few epithelial cells and erythrocytes and a comparatively large number of 
leukocytes. Staining for tuberculosis was positive. Retrograde pyelography, with hydrogen 
peroxide 3 per cent in the contrast medium, was carried out on 17 August. The uppermost 
calix was deformed (Fig. 4 a). In the second film (Fig. 4 b) this calix was almost completely 
empty, while the others remained filled. The signs suggested an ulcerative process in 
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Fig. 4a. Case 3. Tuberculosis. The kidney Fig. 4 b. Same case, some 15 seconds later. 
immediately after the injection of contrast The uppermost calix is empty, the others 
medium with H,O,. The formation of foam are unchanged. 

has scarcely begun. 


the upper calix. The condition was diagnosed as tuberculosis of the left kidney, and the 
patient treated conservatively. 


Case 4. lL. R., a taxi-driver, aged 38. Bilateral orchiectomy had been carried out 
in 1948 on account of urogenital tuberculosis. The right kidney was removed in 1951. 
For the previous six weeks there had been back pain, mainly on the left side, radiating 
to the crest of the ilium. The patient had been somewhat febrile for the previous three 
weeks and suffered from diarrhoea. Cholecystography revealed a small diverticulum in the 
gall-bladder, but otherwise nothing worthy of note. A barium enema examination suggested 
mild colitis. Urine catheterised from the left kidney was brownish-yellow and cloudy in 
appearance, acid, and with opalescent albumen. Bacterial staining and cultivation yielded 
negative results. Conventional pyelography revealed some constriction of one of the 
medial calices, which did not fill well. One of the upper calices also showed an indistinct 
filling defect, but otherwise there were no distinct changes (Fig. 5 a). When the contrast 
medium contained hydrogen peroxide 3 per cent (Fig. 5b), foam formation was particularly 
marked in the medial calix, which became completely empty of contrast medium. Less 
marked foam formation was present.in three other calices. The finding suggested ulcera- 
tive changes at all these sites. The. condition was diagnosed as tuberculosis of the left 
kidney. 
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Fig. 5a. Case 4. Tuberculosis. The kid- Fig.5 b. Same case. Examination repeat- 
ney examined by ordinary medium. One ed with contrast medium containing 
upper and one of the middle calices H,O,. The lower of the two suspected 
suggest tuberculosis. calices is almost entirely empty, while 

three others also show foam formation. 


In cases of renal tuberculosis of the type described, and in which 
a contrast medium containing hydrogen peroxide was used, foam forma- 
tions of more or less local character were visible, depending on the extent 
of the lesions. When no erythrocytes or leucocytes were present in the 
urine, a contrast medium to which hydrogen peroxide had been added 
gave a filling contour which was identical to that produced by an or- 
dinary contrast medium. 

Experience concerning this new method of retrograde pyelography is 
still limited. Nothing definite can be said, therefore, of its value in clinical 
practice. It seems, however, that the principle, when developed further, 
will prove useful, particularly in the radiologic diagnosis of small early 
processes which often present considerable difficulties. 


> 
| 
we 
| 
a. 


188 PAAVO KLAMI 


SUMMARY 


The writer gives a preliminary report of some experiments concerning the applic- 
ability to retrograde pyelography of a principle advocated in an earlier paper: the ad- 
dition of hydrogen peroxide to an ordinary contrast medium in order to facilitate the 
demonstration of ulcerative processes. The contrast medium used in the experiments 
was Uriodone Forte (May & Baker) as a 35 per cent solution, containing from 3 to 
1.5 per cent hydrogen peroxide. The formation of foam occurs at the site of ulcera- 
tion and removes the contrast medium from the affected area. Four cases in which the 
method was employed are reported. 


ZUSAMMENFASSUNG 


Der Verfasser gibt einen vorliiufigen Bericht iiber einige Experimente iiber die 
Anwendbarkeit eines in einem friiheren Bericht vorgeschlagenen Prinzipes fiir die Pyelo- 
graphie ab. Dieses beruht auf der Zugabe von Wasserstoffsuperoxyd zu einem gewéhn- 
lichen Kontrastmittel, wodurch die Darstellung ulceréser Prozesse erleichtert wird. 
Als Kontrastmittel fiir die Experimente wurde Uriodone Forte (May & Baker) in 
35°, Lésung benutzt. Es enthalt Wasserstoffsuperoxid in einer Menge von 3 %— 
1.5 %. Schaumbildung tritt an der Stelle des Geschwiires auf und entfernt das Kontrast- 
mittel aus dem betroffenen Gebiet. Vier Fille, bei welchen die Methode angewendet 
worden ist, werden berichtet. 

RESUME 

L’auteur présente dans une note préliminaire quelques essais concernant l’application 
& la pyélographie rétrograde d’un principe préconisé dans un précédent article: l’addition 
d’eau oxygénée & un produit de contraste ordinaire pour faciliter la mise en évidence de 
processus ulcératifs. Le produit de contraste utilisé dans ces expériences était ]’Urio- 
done Forte (May & Baker) en solution 4 35 pour cent, contenant de 3 4 1.5 pour 
cent de peroxyde d’hydrogene. II se forme au niveau de lulcération de la mousse qui 
chasse le produit de contraste de la surface atteinte. Présentation de quatre cas ow la 
méthode a été appliquée. 
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THE VALUE OF SELECTIVE ANGIOCARDIOGRAPHY 
IN THE DIAGNOSIS OF COMPLETE TRANSPOSITION 
OF THE GREAT VESSELS 
by 
Ake Gyllenswaérd and Herman Lodin. 


As more and more congenital malformations of the heart become 
accessible to surgery, the need for accuracy in preoperative assessment 
of the condition becomes increasingly important. Experience has taught 
that operative mortality depends to a high degree on the correctness of 
the diagnosis. B AHNSON and ZIEGLER (1950) report that the mortality 
in 150 cases of ‘cyanosis’ in which the planned operation had to be aban- 
doned owing to unexpec ‘ted anatomic conditions was more than twice 
that in 350 cases in which operation could be carried out according to 
plan. LEININGER, GIBSON and Ports (1951) were unable to complete 
the planned operation in 15 out of 214 cases of suspected Fallot’s tetral- 
ogy: of 12 cases of pulmonary atresia 7 proved fatal, whereas the mor- 
tality for the whole series was 9 %. 

Our diagnostic methods are as yet full of shorte -omings, and in spite 
of angiocardiography and cardiac catheterization surprises at operation 
are not rare. The risk is particularly great when only one of these methods 
has been employed. We consider it timely to point out the value of selec- 
tive angiocardiography (according to J6Nsson et al., 1949) as a means of 
more accurately establishing the anatomy, basing our observations on 
two cases of complete transposition of the great vessels. 

Case 1. (No. 932/47.) Female infant, birth-weight 2,750 g. Transferred to the 
Paediatric department, University Hospital, Upsala, the day after birth owing to marked 
general cyanosis. General condition good to begin with. Auscultation suggested no cardiac 
abnormality. Routine radiogram appeared normal. Angiocardiography at 1 month, 
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performed at another hospital, in which the contrast medium was injected into the cubital 
vein, revealed that the aorta arose from the right ventricle. Neither the left side of the 
heart nor the pulmonary vessels were filled. The intercostal arteries were wider than 
usual. The findings were taken to imply transposition of the aorta with atresia of the 
pulmonary artery. 

The patient’s condition deteriorated rapidly, and she died when 3*/, months old. 
Physical examination of the heart had repeatedly been negative. Post-mortem examina- 
tion revealed complete transposition of the great vessels and a defect in the atrial septum. 


Case 2. (No. 906/53.) Girl, birth-weight 4,050 g. Marked general cyanosis since 
birth. Mentally and physically backward. Systolic murmur over the whole praecordium, 
loudest over the left third intercostal space. The diagnosis of extreme Fallot’s tetralogy 
with marked dextroposition of the aorta was made after intravenous angiocardiography 
via the left cubital vein at one year. Both ventricles were filled simultaneously. The 
aorta was wide, and in the film appeared denser than the pulmonary artery. The blood 
supply to the lungs was reduced. On the basis of these findings operation at 3 to 4 years 
was planned. 

On re-admission when 4 years of age she was considerably underdeveloped physically, 
with marked cyanosis, and obvious dyspnoea on slight exertion. Unusually pronounced 
clubbing of fingers and toes. Hb. 17.7 g per 100 ml, red cell count 6.3 millions. No prae- 
cordial bulging, no thrill. The murmur was unchanged. Blood-pressure 90/60. ECG 
suggested atypical left ventricular hypertrophy. 

Radiogram 14/9 1953 (Fig. 1): Transverse diameter of the heart 10 cm at an inner 
thoracic diameter of 18 cm. Cardiac volume 290 ml, corresponding to about 540 ml/m* 
body surface (normal limits according to Eek, 1949, 304 +- 41.5). The heart is enlarged 
laterally in both directions, with rounded contours. On the left border of the heart, at the 
position of the pulmonary artery, is a bulge to the left, limited inferiorly by a small 
notch in the left border of the heart and continuing superiorly without interruption into 
the aortic arch. The left oblique projection reveals hypertrophy in the regions of the right 
and left ventricles. Nothing to suggest enlargement of the left atrium. The shadow cast 


Fig. 1. Case 2. Heart enlarged, 
both to the right and left; 
rounded contours, particularly 
on the left. The great vessels, 
slightly broadened owing to a 
well-marked bulging at the po- 
sition of the pulmonary artery. 
Aorta left-sided. The pulmonary 
vessels rather narrower than 
usual, 
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ll 
Fig. 2. Case 2. a and b. 


Selective angiocardiography with the catheter in the inflow 
ventricle which is emptied partly by the normally wide aorta, partly 


tract of the right 
throu 
the pul on 


ary vessels. Pulmonary artery unassessable. ¢ and d. Selective angiocardio- 

graphy with the catheter in the left atrium, Left atrium normal in size. The left ventricle 

is emptied partly by the pulmonary artery, partly through the wide ventricular septum 
defect (c). In this way faint filling of the aorta is obtained. 


eh a wide septum defect into the left ventricle. Simultaneous but faint filling of 
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by the great vessels is rather broad in the frontal projection, but difficult to judge in the 
lateral view in which the heart and the great vessels, over a considerable area, lie in close 
relation to the sternum. Aorta left-sided. No hilus enlargement, no hilus pulsation. Vessel- 
shadowing in the lungs rather than increased, slightly less than usual. 

The picture was thus not typical of a tetralogy of Fallot, and after re-examination 
of the earlier angiocardiograms a diagnosis of truncus arteriosus seemed probable. 

Cardiac catheterization from the left cubital vein was carried out. The catheter 
could not be made to enter any of the branches of the pulmonary artery but only to pass 
from the right ventricle into a vessel interpreted to be the innominate artery. The catheter 
could also be introduced into the left atrium. The pressure in the right ventricle was 
80/0 mm Hg, and that in the supposed truncus arteriosus 80/59. The oxygen content 
tension was the same in the inferior vena cava, the superior vena cava, the right atrium, 
the right ventricle, and the supposed truncus arteriosus, which was surprising. The cathe- 
terization was terminated with a selective angiocardiography from the inflow tract of 
the right ventricle. Frontal and lateral projections, 2 radiograms per second (Figs. 2 a 
and b). Good filling of the right ventricle. The contrast medium leaves chiefly via the 
aorta which arises from the right ventricle and seems to be of normal width. A small 
part of the contrast medium passes out into the left ventricle through a large defect in 
the ventricular septum, the amount being too small to make possible an assessment of 
the left ventricle and the channels which empty it. At the same time slight filling of the 
pulmonary vessels is seen, but the pulmonary artery cannot be examined in detail. The 
films correspond with those obtained in 1950, with the exception that the septum defect 
appears more plainly in the latter. 

In order more fully to examine the left side of the heart, cardiac catheterization was 
repeated a few days later, this time from the saphenous vein, and was terminated with 
selective angiocardiography from the left atrium. Frontal and lateral projections, 2 radio- 
grams per second. (Figs. 2 ¢ and d.) Good filling of the left atrium (not enlarged) and left 
ventricle was obtained. The contrast medium passed out partly via the pulmonary artery 
(of normal width and arising from the left ventricle) and partly via the previously noted 
defect in the ventricular septum. In this way the aorta (arising from the right ventricle) 
was shown faintly. No reflux from the left to the right atrium could be seen. This, together 
with the oxygen levels recorded at both catheterizations, made the presence of a defect 
in the atrial septum appear unlikely. Unfortunately the oxygen tensions in the right 
ventricle and aorta were not determined on this occasion. 

The two catheterizations and selective angiocardiographies thus revealed the pres- 
ence of complete transposition of the great vessels, a large ventricular septum defect, 
and a patent foramen ovale. There was nothing to suggest a patent ductus arteriosus or 
abnormalities of the pulmonary veins. 


Complete transposition of the great vessels is an anomaly in which 
the aorta arises from the right ventricle, and the pulmonary artery from 
the left ventricle. The two vessels otherwise appear normal. Post-natal 
life depends on the presence of connections between the pulmonary and 
systemic circulations in the form of septum defects, patent ductus arte- 
riosus, or anomalous pulmonary veins. 

In the past diagnosis has most commonly been made post mortem. 
It is sometimes possible to establish with considerable certainty the nature 
of the condition by routine radiography. The diagnostic advances of 
recent years have resulted in the publication of a few cases in which 
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transposition of the great vessels has been diagnosed during life, usually 
with the aid of angiocardiography. 

In complete transposition of the great vessels, routine radiography 
together with screening show at birth a normal-sized heart which later 
becomes enlarged (TAussic 1947). The enlargement involves the right 
and left ventricles and the right atrium. In the position of the pulmonary 
artery there is nearly always a concavity, since the aorta arises more to 
the right than a normal pulmonary artery. In the antero-posterior pro- 
jection the shadow of the great vessels is narrow, and in the left oblique 
and lateral projections it is broader than usual, since the aorta lies in 
front of the pulmonary artery. The amount of blood in the lungs is in- 
creased. KEK (1949) confirms Tavussi@’s findings, and adds that the heart 
increases rapidly and markedly in size and occupies a transverse position. 
The heart becomes egg-shaped. GoopwIN et al. (1949) describe a case in 
which there was a very prominent bulge in the position of the pulmonary 
artery. TaussiG also describes rhythmic changes in the size of the right 
atrium, which she claims are typical. These are explained by the rising 
pressure in the right atrium which causes the atrium to increase in size 
until the foramen ovale finally opens, upon which the atrium suddenly 
diminishes in volume. Considerable variations in the size and shape of 
the heart would, however, appear to exist, owing to the various anomalies 
which are combined with transposition of the great vessels. The establish- 
ment of the true state of affairs in transposition of the great vessels by 
means of routine radiography and screening only is thus uncertain. 

A few cases diagnosed by angioc ardiography after injection of con- 
trast medium into the cubital vein have been published (GoopwIn et 
al. 1949, one case; CASTELLANOS and GarRcIA 1950, three cases confirmed 
post mortem; DoTreR and STEINBERG 1951, one case confirmed post 
mortem.) Diagnosis has been made on filling of the aorta from the right 
ventricle without any decrease in density of the contrast medium. In no 
case has filling of the pulmonary artery been achieved, and it has thus 
been impossible to make an assessment of this vessel. According to 
CASTELLANOS and GaARcIA (1950), the amount of contrast medium pas- 
sing into the left side of the heart is under any conditions too small for 
an opinion concerning it to be formed; but they add that this usually 
makes no difference to the diagnosis. In the case described by GoopwIn 
et al. (1949) no septum defect could be made out, but “the rapid filling 
of the left side of the heart was very suggestive of the presence of such a 
defect’’. It was not possible to say whether the defect was in the atrial 
or the ventricular septum. (Their exposures were at the rate of 1 per 
second.) Cardiac catheterization was not carried out in this case “as it 
was felt sure that it would yield no further useful information” 

Experiences in other centres have thus been similar to our own, that 
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in spite of rapid injection and quick succession of exposures, angiocardio- 
graphy carried out from the cubital vein or the right side of the heart 
cannot give a complete picture of the left heart, since the shunting of the 
contrast medium usually results in inadequate filling. In our two cases 
the exposures were made at a rate of 6 and 10 per second in both pro- 
jections. 

On the other hand, the anatomy of complete transposition of the great 
vessels may be demonstrated by selective angiocardiography from both 
the right and left side of the heart. 

In the cases reported by us, routine radiography did not show the 
configuration characteristic of transposition of the great vessels, namely, 
the shadow cast by the great vessels — broad in the lateral and narrow 
in the frontal projection. From a diagnostic point of view the second case 
is of particular interest. The shadow cast by the great vessels was strik- 
ingly broad in the frontal projection. The bulge in the position of the 
pulmonary artery was shown on angiocardiography to be caused by the 
aorta, which thus lay far to the left. The vessel-shadowing in the lung 
fields, which is generally increased, was in this case less than usual. The 
radiologic examination thus suggested a diagnosis of pulmonary stenosis 
combined with other anomalies. Selective angiocardiography showed up 
the exit paths of the ventricles and that the diagnosis suggested by 
intravenous angiocardiography was false. 

Also of interest is the fact that the radiograms reveal the shunt 
rhythmically alternating between the ventricles, a phenomenon previously 
drawn attention to by Taussie (1947) and CAMPBELL and associates 
(1949). This is of course the explanation of the puzzling oxygen analyses 
of the first catheterization. 


SUMMARY 


The value of selective angiocardiography is shown in connection with two cases of 
complete transposition of the great vessels. These had previously been wrongly diagnosed 
by intravenous angiocardiography owing to unsatisfactory filling of the left side of the 
heart with contrast medium. 


ZUSAMMENFASSUNG 


Der Wert der selektiven Angiokardiographie wird im Zusammenhang mit 2 Fallen 
von volliger Transposition der grossen Gefisse dargelegt. Die Fiille sind vorher auf 
(irund einer intravenédsen Angiokardiographie falsch gedeutet worden; dieses beruhte 
auf einer unvollstaindigen Ausfiillung der linken Herzhalfte durch das Kontrastmittel. 


RESUME 


Les auteurs montrent lintérét de l’angiocardiographie sélective dans deux cas de 
transposition compléte des gros vaisseaux. L’angiocardiographie intraveineuse avait, 
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dans ces deux cas, conduit 4 un diagnostic erroné, en raison d’un remplissage insuffisant 
des cavités gauches du coeur par le produit de contraste. 
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COMBINED TREATMENT WITH ROENTGEN RAYS 
AND STREPTOMYCIN IN EXPERIMENTAL 
TUBERCULOUS LYMPHADENITIS 
IN GUINEA-PIGS 
by 
C. Ahlander 


The effect of irradiation in tuberculous infections has attracted much 
attention since this form of treatment was first introduced. The chronic 
tuberculous changes, e. g. adenitis, have been found to be particularly 
suited for treatment, and the method has gained general acceptance. 

Experiments carried out to test the effect of irradiation upon animal 
tissues have not, however, given equally uniform results. The classical 
investigation in this field is considered to be a work published in 1927 
by Forp (2): by means of intraperitoneal injections of an undefined quan- 
tity of tubercle bacilli he induced tuberculosis which he then, without 
success, subjected to treatment by various methods, including irradia- 
tion. One objection to this is that intraperitoneal injection always pro- 
duces such a fulminating form of the disease process that cure cannot be 
achieved by any known method, as has been shown by Karison & 
FELDMAN 1949 (3), and others. Forp’s experiment has been repro- 
duced by Srernert & CAMMERMEYER 1946 (7) under more standardized 
conditions. 

A fixed quantity of standard culture was injected subcutaneously, 
and the animals were exposed to 100 r on the 9th, 11th, and 13th days 
after injection, but the course of infection could not be influenced. In 
this work the chief interest was in the histologic reaction of the spleen, 
the effect of irradiation upon the lymph glands only being mentioned in 
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passing. It should here be pointed out that, although irradiation has a 
similar effect upon the spleen and lymph glands inasmuch as ly mpho- 
cyte-production in them is stimulated (NAKAH ARA 1918 (5)), no mention 
is made of the tendency of the lymph glands to form fibrous tissue. Fur- 
ther, the whole animal was exposed to irradiation, with the uncertain 
effect this may have had upon the course of the disease process. The 
reaction of the lymph glands to irradiation has been demonstrated 
by AkatwA & TAKESHIMA 1930 (1) in rabbits: after daily irradiation for 
5 days increasing fibrosis could be found 1 in the irradiated lymph glands. 
The new fibrous tissue, which is the reaction of the living organism to 
an inflammatory process, often forms an excellent barrier to the further 
spread of infection. This fibrous reaction is limited by the repeated treat- 
ment. What happens in the tissues on irradiation is not clear, but PEn- 
DERGRASS 1941 (6), in his monograph, discusses a number of relevant 
points. He observes that the hyperaemia which results from the irradia- 
tion may very well have a distinct influence upon the healing of the in- 
flammatory process. Two types of hyperaemia are produced — an active 
hyperaemia due to widening of the capillaries and subcapillary plexus 
and a passive hyperaemia which appears as erythema over the irradiated 
area. The result 1s an increased flow of blood to the affected tissues and 
increased lymphocyte infiltration. 

The modern treatment of tuberculous infections of all kinds is by 
means of antibiotics and bacteriostatics, streptomycin being the most 
usual. Since, however, the tubercle bacilli are most commonly found in 
the borderlayer between the caseous matter and the surrounding fibrous 
tissue, which moreover have a very poor blood-supply, it is difficult to 
reach them with an antibacterial substance chiefly distributed by the 
blood-stream. If it were possible to combine the previously mentioned 
method of hyperaemia due to irradiation with the antibacterial effect of, 
to name an example, streptomycin, it might be possible to achieve more 
efficient treatment than with one method alone. In addition to this the 
fibrous tissue reaction round the lesion would be greatly increased, and 
the lesion remaining at the end of the treatment would thus be more 
effectively incapsulated. In fact this combined therapy has been in use 
for several years, but the method has never been tested in animal experi- 
ments with histologic examination of the affected tissues. It is for this 
reason the following experimental investigation has been done. 


Methods. The method now generally used in animal experiments on 
tuberculous infections was described by Kartson & FELDMAN in 1949 
(3). This method has the advantage that the experimental conditions are 
asily reproduceable, and that the quantities and periods of time involved 
have been worked out in an immense series of animals, so that costly 
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(above). Photomicrograph of lymph gland of guinea-pig treated with strepto- 
mycin. (2.0 mg per day). Occasional fibrous septa and many epitheloid cells. 
In the lower right-hand corner is seen a necrotic area with early caseation. 


(below). Photomicrograph of lymph gland of guinea-pig treated with strepto- 
mycin and irradiation. The abundance of fibrous tissue is striking. Epitheloid 
cell formations separated by young fibrous tissue. The tuberculous tissue 
throughout is young. No necrotic areas seen in the preparation. Large parts of 
the gland (e. g. on left of plate) have retained the structure of a lymph gland. 
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and time-consuming control experiments are unnecessary. The strain 
used is H 37 Rv, the virulence of which, when cultured on artificial 
media, is constant for guinea-pigs. A fourteen-day-old well-developed 
strain is selected. Each animal is injected subcutaneously with 0.1 mg 
(damp-weight) of bacteria. KarLson & FELDMAN recommend the in- 
jection to be made over the sternum, but, in order to obtain infected glands 
in a single place easily accessible to treatment by irradiation, I chose 
instead to make the injection in the left groin. With the above quantity 
of bacteria the experimental period is about three months. 

In order that the curative effect of streptomycin should not steal the 
picture, a subeffective dose was used. This dose alone would not be enough 
to overcome the infection, but in combination with another potentiating 
or synergistic mode of therapy might be able to do so. This dose has also 
been tested out in large experimental series by the aforementioned 
authors (KaARLsoN & FELDMAN, 1948 (3)): they found it to be 2.0 mg 
per animal per day, divided into two daily doses, under the above stand- 
ard conditions. The irradiation therapy was administered in the Depart- 
ment of Radiotheraphy, University Hospital, Uppsala, using a stand- 
ard apparatus. The animals received three treatments, each of 100 r. 
They were placed in a dorsal position on a metal table. (165 kV, 14 mA, 
filter Cu 0.5 +- 1 Al, distance 50 cm; area exposed 10 cm square.) 


Procedure. 25 guinea-pigs, as far as possible of the same weight, were 
tuberculin tested in the ordinary way and found to be negative. They 
were then given an injection of 0.1 mg of the culture, suspended in phy- 
siologic saline, at a point between the mid-line and the left groin. After 
3¢ days a new tuberculin test was carried out, and the animals were found 
to be positive. They were then divided into five groups: 


Group I. Control. 
Group II. 1.0 mg streptomycin/day in 2 doses daily. 


Group III. 2.0 mg » » » 

Group IV. 1.0 mg » >» >» DP» » » -+- irradiation. 
Group V. 2.0 mg » » >» DP » » + » 


The extra series on 1.0 mg streptomycin was included to see whether 
these smaller doses had any effect in combination with the irradiation. 
Irradiation was administered on the 14th, 28th and 40th days after strep- 
tomycin therapy was begun. 

At 60 days the surviving animals were killed and classified according 
to the post-mortem findings. 

Two animals of Group I died before the 60 days had expired. They 
both exhibited massive tuberculous changes in all organs. Preparations 
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were made of the inguinal, abdominal, and lumbar lymph-glands from 
all the other animals, and portions of lung, spleen, and liver 1 were frozen 
for future histologic examination. The lymph-gland preparations were 
examined, and the most representative of them photographed. 


Discussion of the results 


The experiments have shown that combined roentgen and strepto- 
mycin therapy on tuberculous infections gives at least as good results as 
streptomycin treatment alone, at any rate in experimentally-produced 
glandular tuberculosis in guinea-pigs. The animals which received the 
combined treatment were in better general condition than the rest, all 
of them surviving the experiment. Even the animals of these groups, 
however, showed all signs of miliary tuberculosis, especially in the spleen, 
though it would seem from the post-mortem findings that the tendency 
was less among the animals on combined treatment than in the others. 

The regional lymph-glands in nearly all cases were, as was to be ex- 
pected, the seat of tuberculous c ‘hanges. Young tuberculous tissue was seen 
in the histologic preparations. Real, « caseating lesions were encountered 
only in one or two places in the glands from the animals on combined 
treatment; most of the lesions were at an early stage of development, 
consisting in most cases of epitheloid- -cell tubercles. 

The fibrosis that was obtained in the glands was found, at least in 
one or two cases, to be considerably more pronounced when the animal 
had been treated with both irradiation and streptomycin. It could not be 
shown that irradiation resulted in increased incapsulation. 

To obtain the effect of combined treatment using streptomycin alone 
much larger doses or prolonged periods of administration would be 
necessary, with correspondingly increased risk of vestibular damage. 

These series are too small for any definite conclusions to be made from 
the results, but the microscopic and histologic findings give some support 
for the combined treatment of tuberculous lymphadenitis with irradiation 
and streptomycin. 
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Results 


Group 1. Controls. 


9 
2 
4 
Key to the sketches: Died. Died. 
1. Liver 
2. Lung. 
3. Spleen. Spleen ....... + 
4. Lymph glands. Lungs ....... ' 
Lymph glands +-+-- 
Degree of infection is in- 
dicated by hatches and Histologic preparations: Impossible to make preparations of any 
signs. organ but liver and lungs. Large caseous lesions in all tissues. 


Group 2. 1.0 mg streptomycin/day. 


Histologic preparations: Masses of tuberculous tissue with caseation and epithelioid 
cells. Giant cells. Very little fibrous reaction. Gland capsules broken down in several 
places. 
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Group 3. 2.0 mq streptomycin/day. 
plomycin, 


Histologic preparations: Much tuberculous infiltration with caseating lesions in all 
lymph glands. Epithelioid cells and giant cells. Miliary tubercles in most organs. 


Group 4. 1.0 mq streptomycin/day -+- irradiation. 
I 


Lymph glands 


Histologic preparations: Lymph-gland capsules greatly thickened. Glands subdivided 
by thick fibrous septa. Such abscesses as were present were small and well walled off. 
Abundant epithelioid cell formation but no caseation. 
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Group 5. 2.0 mg streptomycin/day +- irradiation. 


Histologic preparations: Great fibrosis in the lymph glands with scanty, encapsulated 
abscesses. Tubercle formations between the bands of fibrous tissue. Epithelioid cells. 
Small, miliary changes only in other organs. 


SUMMARY 


Four groups of guinea-pigs were infected with a defined tubercular strain and after- 
wards treated with roentgen irradiation, streptomycin or both. One control group re- 
mained untreated. At 60 days the surviving animals were killed and slides of the lymph- 
glands and other organs prepared. Combined treatment with streptomycin and roentgen 
rays healed the tuberculous process of the lymph-glands better than the other modes 
of treatment. 


ZUSAMMENFASSUNG 


Vier Gruppen Meerschweinchen wurden mit einem definierten Tuberkelbazillenstamm 
infektiert und anschliessend mit Réntgenstrahlen, Streptomycin oder mit beiden gleich- 
zeitig behandelt. Eine Kontrollgruppe blieb unbehandelt. Am 60. Tage wurden die iiber- 
lebenden Tiere getétet und histologische Schnitte der Lymphknoten und anderer Organe 
angefertigt. Die kombinierte Behandlung mit Streptomycin und Réntgenstrahlen heilte 
den tuberkulésen Prozess der Lymphdriisen besser als die anderen Behandlungsme- 
thoden. 


RESUME 


Quatre groupes de cobayes ont été inoculés avec une souche tuberculeuse deéfinie, 
puis traités par roentgenthérapie, par streptomycine ou les deux. Un groupe témoin est 
resté sans traitement. Au bout de 60 jours les animaux survivants furent sacrifiés et on 
fit des coupes de leurs ganglions lymphatiques et d’autres organes. Le traitement associé 
par la roentgenthérapie et la streptomycine a donné un meilleur résultat sur les processus 
tuberculeux ganglionnaires que les autres modes de traitement. 
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FROM TRE ROENTGEN DIAGNOSTIC DEPARTMENT OF THE PAEDIATRIC CLINIC, 
KAROLINSKA SJUKHUSET, STOCKHOLM, SWEDEN 


ROENTGENOLOGIC VISUALIZATION OF THE 
EXTRACAPSULAR FAT 


Its Importance in the Diagnosis of Traumatic 
g 
Injuries to the Elbow 


by 


Hans-Goésta Norell 


In skeletal injuries in children, the elbow-joint is remarkably often 
involved. All degrees of skeletal changes may be found in a large series 
of patients who have undergone roentgenologic examination and have 
a history of injury to the elbow. This applies in particular to supra- 
condylar fractures; they are not uncommonly of the greenstick or in- 
fraction type, and the structural changes may be so slight that they are 
easily overlooked on routine roentgenologic examination. In our experi- 
ence, greater consideration should be paid to certain, roentgenologically 
demonstrable changes in the soft tissues surrounding the joint. Their 
presence in cases in which no skeletal injury has been detected at an 
earlier examination may warrant further roentgenologic investigation. 


Thus, in our department, a layer of fat dorsal to the jomt — which 
is not normally seen at this site-— has strikingly often been visible in 


cases with a suspected fracture of the elbow-joint. As far as I am aware, 
no similar observations have hitherto been reported in the literature. 

In order to make a detailed analysis of the normal roentgenologic 
anatomy of the periarticular soft tissues, I studied a series of 300 roent- 
genograms of the elbow-joint from our archives. In cases of injury, I 
studied the unaffected side; the remaining cases consisted of patients 
sent for an investigation of skeletal development. 

In none of these cases was any accumulation of fat visible on the 
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dorsal aspect of the humerus. On the other hand, a fairly thin, elongated 
layer of fat was consistently observed on the ventral aspect, slightly 
above the condyles (Fig. 2). 


Case Material 


During a two-year period, the total number of diagnosed fractures 
of the elbow-joint amounted to 156. In 89 cases the fracture was in the 
distal part of the humerus (condylar or supracondylar) and in 67 in the 
proximal part of the radius or ulna (intracapsular). The age of the patients 
ranged from 2 to 15 years. 


Results 


The aforementioned dorsal layer of fat could be visualized in 118 cases 
and was not visible in 38. Further investigation of the latter cases showed 
that 8 had undergone roentgenologic examination only after the appli- 
cation of a plaster cast. In 4 cases there was a comminuted fracture with 
considerable displacement of the bone fragments and probable extensive 
damage to the capsule. In 5 cases there was dislocation of the epicondyles 
(extracapsular) and in 2 the fracture was in the distal part of the neck 
of the radius (presumably extracapsular). In the remaining 19 cases, 
oblique projections had been used instead of true lateral; this made 
it impossible to determine with certainty whether or not the dorsal layer 
of fat was present. 

The ventral layer of fat could be identified in every case, with the 
exception of the 8 in which roentgenograms had been made only after 
the plaster had been applied. This layer of fat was displaced ventrally 
to a varying degree, except in the aforementioned 7 cases of extracapsular 
fractures. 


Discussion 


According to CUNNINGHAM and other anatomists, fairly large extra- 
capsular pads of fat are present over the olecranon fossa, the coronoid 
fossa and the radial fossa (Fig. 1). The articular capsule is stated by 
RAUBER and Kopscu to be attached to the ventral aspect of the humerus, 
about 0.5 cm proximal to the coronoid and radial fossae. It then passes 
below the epicondyles, leaving them free, to the olecranon fossa, almost 
opposite its ventral attachment. On the ulna, the capsule follows the 
margin of the cartilage or passes slightly lateral to it. Its attachment to 
the radius is at the neck, approximately halfway between the head and 
the tuberosity. 
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Fig. 1. Vertical section through the 
elbow-joint, showing the pads of fat 
in the olecranon, coronoid and radial 
fossae. (From CUNNINGHAM.) 


Fig. 2. Lateral view of the elbow-joint in a Fig. 3. Lateral view of the elbow-joint 
normal case. Only the fat ventral to the in a fracture of the olecranon. Displace- 
humerus is visible. ment of the pads of fat. The dorsal pad 

is distinctly seen. 
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a. b. 


Fig. 4. Supracondylar fracture of the elbow-joint. The dorsal pad of fat is clearly 
visualized. 


Owing to the anatomic conditions, the dorsal pad of fat cannot be 
visualized in the roentgenogram in normal cases. As may be inferred from 
Fig. 1, it is lodged in the olecranon fossa and is therefore overshadowed 
by bone even in the lateral view. This does not apply to the pads of fat in 
the coronoid and radial fossae. Since these fossae are shallow, the greater 
part of the ventral pad of fat is visible in the lateral view (Fig. 2). 

It is evident from Figs. 3 and 4 that the layers of fat, which in frac- 
tures of the elbow-joint were visualized in the roentgenograms on both 
the ventral and the dorsal aspect of the humerus, were invariably of the 
same shape. They were elongated, well defined, and always situated at 
the same level. On the other hand, there were differences in the degree 
of their displacement ventrally and dorsally, respectively, in relation to 
the humerus; this was clearly dependent on the degree of effusion into the 
joint. This observation was also in good agreement with the clinical 
findings with regard to the degree of effusion. 

It is thus apparent that it cannot be a question of intra-articular fat. 
Nor are the conditions in this respect similar to those in the intra-articular 
accumulations of fat demonstrated by HoLMGREN, using a special tech- 
nique for examination, in some cases of injuries to the knee-joint. I 
nevertheless made a complementary examination of the elbow-joint 
in a few cases with the central ray directed horizontally. I was unable to 
observe any displacement in the accumulations of fat, nor any change in 
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a. b. Cc. 


Fig. 5. Supracondylar infraction of the elbow-joint, visible only in the oblique view (b). 
Dorsal pad of fat (c) 


their appearance. This fact, as well as the distinct, curved delimitation 
from the joint, shows that the site of the fat is extracapsular and that 
it may reasonably be supposed to correspond to the pads of fat described 
by anatomists. 

Considered on a broader basis, an explanation of this phenomenon 
can be found. The roentgenologic diagnosis of effusion into a joint is 
chiefly based on the possibility of demonstrating distension of the capsule. 
The conditions are particularly favourable in this respect in the elbow 
joint. This is 2 ‘cause displacement of the extracapsular fat in the presence 
of exudate or haemorrhage in the joint can be visualized immediately. 
Moreover, fis Bos to the size of the pads of fat, special soft-tissue roent- 
genograms are superfluous. 

Distension of the capsule is a common occurrence in intra-articular 
skeletal injuries to the elbow-joint. This applies even if they are in the 
form of infraction with only extremely slight structural changes in the 
bone. Our series includes 12 cases in which distension of the capsule 
diagnosed by means of displacement of the extracapsular fat — was the 
reason for immediate supplementary roentgenologic examination, since 
no fracture could be detected at the routine examination (Fig. 5). This 
resulted in definite diagnosis of a fracture in 10 cases; in the remaining 2, 
no evidence was forthcoming in favour of such a diagnosis. 

In principle, it must be expected that distension of the capsule 
irrespective of its origin — will produce displacement of the periarticular 
fat. It is therefore reasonable to assume that the same phenomenon 
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will be observed in various forms of arthritis in which effusion is present. 
In fact, I have seen several such cases. 

It is evident from the present series that injuries to the elbow-joint 
which cause effusion into the joint are, in the majority of cases, associated 
with intracapsular skeletal damage. Consequently, when distension of 
the capsule is observed, supplementary special examinat.on of the joint 
is warranted if no skeletal injury has been detected at the first examina- 
tion. 


SUMMARY 


The importance is stressed of diagnosing the distension of the capsule that is fre- 
quently present in injuries to the elbow-joint. It is pointed out that this may most easily 
be achieved by a study of the position and shape of the extracapsular fat in the roent- 
genogram. An account is given of the findings in this respect in a series of fractures of the 
elbow joint in children and in a study of the normal roentgenologic anatomy. 

In view of the high incidence of intracapsular fractures in traumatic effusion into the 
elbow joint in children, this procedure is suggested as a valuable diagnostic aid. 


ZUSAMMENFASSUNG 
Der Verf. hebt als bedeutungsvoll hervor, dass die bei Verletzungen des Ellen- 
bogen oft auftretende Kapseldistention diagnostiziert wird. Dieses geschieht am ein- 
fachsten durch Beobachtung der Lage und Form des extrakapsuliiren Fettes. 
Mit Riicksicht auf die grosse Hiufigkeit intrakapsulirer Frakturen bei trauma- 
tischen Ergiissen im Ellenbogen von Kindern ist dieses ein wertvolles Hilfsmittel fii: 
die Diagnostik von Frakturen. 


RESUME 

L’auteur souligne l’importance du diagnostic de la distension de la capsule articulaire 
qui est fréquente dans les traumatismes de l’articulation du coude. Il montre qu'on y 
parvient le plus aisément par l'étude radiographique de la situation et de la forme de la 
graisse extracapsulaire. I] présente les résultats de cet examen dans une série de fractures 
de l’articulation du coude chez des enfants et dans une étude de l’anatomie radiologique 
normale. 

Etant donné la grande fréquence des fractures intracapsulaires dans les épanchements 
traumatiques de l’articulation du coude chez l'enfant, cette méthode est proposée comme 
moyen précieux de diagnostic. 
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FROM KING GUSTAF V JUBILEE CLINIC (DIRECTOR: B. EBENIUS) AND THE MEDICAL 
CLINIC (DIRECTOR: PROFESSOR H. MALMROS), THE UNIVERSITY HOSPITAL, 
LUND, SWEDEN 


PITUITARY AND ORBITAL ROENTGEN THERAPY 
IN THE HYPEROPHTHALMOPATHIC TYPE 
OF GRAVES’ DISEASE 


by 


Per Olof Gedda and Martin Lindgren 


Based upon a lifetime study of the ocular manifestations of Graves’ 
disease MEANS (1945) recognized three types of the affection: 
I. Thyrotoxicosis without ophthalmopathy. 
iI. Thyrotoxicosis with ophthalmopathy (classic type of Graves’ 
disease). 

III. Hyperophthalmopathic type with hyper-, eu- or hypothyroid 

function. 

The classic type does not produce the ocular symptoms and signs 
characteristic of the hyperophthalmopathic type (Table 1). 

In the hyperophthalmopathic type of the affection the eye changes 
usually dominate the picture, while the basal metabolic rate may be 
increased, normal or decreased. 

Many observations argue for the hyperophthalmopathic type being 
ascribable to increased production of the thyroid stimulating hormone 
of _ anterior lobe of pituitary (T.S.H.). 

. In animal experiments EE | and hyperthyroidism have 
oe n produced by the injection of T.S.H. (LozB and Basserr 1930, 
ScHOCKAERT 1932, and FrrEDMANN 32). 

Histologically, the experimental retrobulbar changes coincide with 
those accompanying the hyperophthalmopathic type of Graves’ disease 
in man (SMELSER 1937). 
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Table 1 


Eye signs in Graves’ disease 


(Mainly according to Means) 


Eye signs associated with classic ty pe of 
Graves’ disease 


Eye signs associated with H.-O. type of 


Graves’ disease 


Stare and tension of musculature around 
eyes 

Lid retraction 

Lid lag 


Globe lag 


Lids often less bulging, show characteristic 
folds, which are exaggerated by weight 
loss 

Soft cushion effect when pressure applied 
to globes. Orbital tension not abnor- 
mally increased 


True forward displacement of eye bulbs 


Gritty sensation in eyes 
Lacrimation 
Photophobia 

Chemosis 


Bulging of the lids especially at points 
where retrobulbar tissue 


protrudes 
around globe 


Resistance when pressure applied to re- 
place globe backward. Orbital tension 
often increased 


Little if any extra-ocular weakness; no 


diplopia 


Often extra-ocular muscle weakness or 
paralysis; frequent diplopia 

3. Destruction of the anterior lobe of the pituitary of patients with 
the hyperophthalmopathic type of Graves’ disease is followed by regres- 
sion of the eye changes (RASMUSSEN and GARDNER 1940 and McCuL.Lacu 
and GARDNER 1942). 

4. Thyroid tissue inhibits the T.S.H. of the hypophysis (Rawson 
1948). (Most cases of malignant exophthalmos develop after thyroidect- 
omy. Any intervention performed for the purpose of suppressing thyroid 
function is contra-indicated in the management of the hyperophthalmo- 
pathic type of Graves’ disease e. g. thyroidectomy, thiouracil therapy, 
treatment with [™ or roentgen irradiation of the thyroid.) 

5. Increased level of the T.S.H. in the serum or in the urine of patients 
with the hyperophthalmopathic type of Graves’ disease, but absence 
of such increase in the classic type of the affection (DE Ropertis and 
Det Conte 1948, D’ANGELO and Gorpon 1949, WicHMANN 1952). 

In patients with the hyperophthalmopathic type of Graves’ disease 
the orbital picture is characterised during the acute phase by pronounced 
edema of the fatty tissue, of the connective tissue and of the eye muscles 
and infiltration of round cells, especially lymphocytes. The changes 
produce an increase in the retrobulbar pressure and a protrusion of the 
eye balls true exophthalmos. (In the present investigation Hertel 
values and the retrobulbar pressure were usually determined with the 
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orbitonometer described by Copper, 1948.) In the classic type, however, 
the eyes often appear enlarged, but this is due to a widening of the rima 
(increased tone of the sympathetic innervated smooth muscular circular 
fibres and of the smooth muscle of the fascia bulbi). 

As to the course of the disease, if the affection is mild, it may heal 
spontaneously. But the disease may also run a malignant course (ma- 
lignant exophthalmos), sometimes leading to loss of the eye (panophthal- 
mitis). The affection may also become chronic with gradual retrobulbar 
connective tissue proliferation. The eye symptoms then become stationary, 
even if the primary disease heals. It seems impossible to predict the course 
of the disease. 

In certain cases of pituitary hyperfunction the condition responds 
favourably to roentgen irradiation of the hypophysis. This applies to 
certain forms of ( ushing’ s disease and acromegaly. Some cases of the 
hyperophthalmopathic type of Graves’ disease have also been treated 
with roentgen rays in an attempt to suppress the increased thyrotropic 
activity of the anterior lobe of the pituitary gland (Borak 1935, FRrep- 
coop 1941, Hertz, MEANS and WILLIAMS 1941, Brain 1943, SCHWARZ 
1946, BEIERWALTES 1951, JONES 1951 and HerRMANN 1952). More or 
less good results have been achieved by such treatment, and it is generally 
accepted that this type of treatment should be tried further. Roentgen 
irradiation of the orbits only, has also been used with a varying degree 
of success (THOMAS and Woops 1936, GinsBpuURG 1939, FRIEDGOOD 1941, 
MANDEVILLE 1943 and Jones 1951). This treatment is, however, only 
symptomatic. 

In co-operation with the medical clinic 19 cases in all of the hyper- 
ophthalmopathic type of Graves’ disease were treated with roentgen at 
the Department of Radiotherapy, Lund. In 16 cases radiation was di- 
rected to the region of the hypophysis and in 3 to the orbits only. 


Technique 


Irradiation of the hypophysis. The hypophysis was irradiated via 
4 temporal fields 5em 6 cm and disposed in the manner shown in Fig. 1 
Technical data. FSD 50 or 60 cm. Filtration 0.5 mm Cu + 1 mm Al; 
170 kV; 15 mA. HVL 0.9 mm Cu. One field per day was irradiated with 
a skin dose of 300 r or 400 r. Treatment was as a rule given in the form 
of 2 series at an interval of about 5 weeks. In the first series each field 
received altogether 1,500 r and in the second series 600—900 r. The dose 
applied to the hypophyseal region was calculated as 30 to 35 % of the 
skin dose per field. 

Irradiation of the orbits. In the irradiation of the orbits the rays were 
directed, via a lateral field, against those parts of the orbit situated be- 
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hind the lens. The size of each field varied from 10 cm? to 15 em?. Technical 
data. FSD 50 em. Filtration 0.5 mm Cu + 1 mm Al; 170 kV; 15 mA, 
HVL 0.9 mm Cu. The orbits were treated with a daily skin dose of 100 or 
150 r. As a rule treatment was given in 2 series at an interval of 4—5 


Hypophysis Bulb 


Ww 


5cm 
Fig. 1. Fig. 2. 
Fig. 1. The position and size of the temporal fields used. 
Fig. 2. The position of the condenser chambers in the skull phantom. 
1. Chamber in sella turcica. 
2 » adjacent to the optic foramen. 
3. » 2 cm anterior to the optic foramen. 
4 » { cm » » » » » 


weeks. In the first series the total skin dose was 900 r per field and in 
the second series 600—900 r. The dose applied to the middle of the 
posterior of the orbit was calculated as 60 to 70°, of the skin dose. 
Frontal irradiation of the orbits was avoided owing to the risk of cataract 
1942). 

The size of the temporal field employed in the irradiation of the 
hypophysis in the present series was about the same as that used by 
earlier workers in the management of this type of disease. As a rule these 
authors contented themselves with assessing the dose actually delivered 
to the hypophysis without considering the amount delivered to the sur- 
roundings of the hypophysis. In view of the anatomic relationship between 
the orbits and the sella turcica, it is clear that rays directed via the above- 
mentioned temporal fields (each 30 cm?) cannot irradiate the hypophysis 
without at the same time irradiating the posterior part of the orbits. 
In order to chart the distribution of the dose, the following experiment 
was carried out on a skull phantom, in which the soft parts were repre- 
sented by wax. This investigation was made in cooperation with our 
clinical physicist, JAN CEDERLUND. Four condenser chambers (SIEVERT’s) 
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adjusted for deep dose measurement were placed in channels bored in the 
wax. One was placed in the sella turcica, the other immediately adjacent 
the left optic foramen, the third 2 cm anterior to the left optic foramen 
in the longitudinal axis of the orbit and the fourth 2 cm anterior to the 
third. Two fields were then marked in each temporal region. The size 
and situation of the fields were the same as those described above. The 
skull phantom was then irradiated via each of the fields. The central 
beam was directed to the sella turcica. In the centre of each field was 
a condenser chamber for measuring the surface dose. Fig. 2 shows the 
position of the chambers in the phantom. 

To calculate correct isodose curves seems to be extremely difficult 
owing to the complicated anatomic relationships between the skull bones 
and the surrounding soft tissue. Depth doses have therefore been meas- 
ured as described above. 

The results are summarised in Table 2. 


Table 2 
Depth doses measured in the skull phantom 


Temporal fields 


Total 

Measuring points left left right right — 

upper lower upper lower we 


The positions of the measuring points are indicated in Fig. 2. The depth doses are 
given as percentages of the skin doses. 


Calculation of the focal doses delivered by this method thus showed 
that the posterior part of the orbits received roughly the same dose as the 
hypophysis. That a regression of the eye disturbances may be ascribed 
at least partly to the direct irradiation on the orbital tissue cannot there- 
fore be excluded. 


Authors’ Series 


The series consisted of 19 patients (7 men and 12 women) ranging 
in age from 23 to 70. More than half of the patients (11) had earlier been 
submitted to thyroidectomy because of hyperthyroidism. Of these 11 
patients, 6 had exophthalmos before the operation. After operation the 
symptoms progressed in 5 of them. In 5 cases eye symptoms did not 
appear until after thyroidectomy. Of the 11 thyroidectomised patients 5 
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still showed signs of thyrotoxicosis, and 3 of hypothyroidism. In the re- 
maining 3 thyroid function was apparently normal. Of the 8 non-operated 
cases of the hyperophthalmopathic type of Graves’ disease hyperthyroid- 
ism was observed in 5, hypothyroidism in | and euthyroidism in 2. The 
4 patients who had hypothyroidism before irradiation also received desic- 
cated thyroid. 


Results 
Roentgen Irradiation of the Hypophysis and Posterior of the Orbits 


Effect on eye symptoms. Sixteen patients received this treatment. 
In 10 the effect was good: lacrimation, photophobia and ophthalmo- 
plegia disappeared in all patients. Eye-lid oedema was present in 7 
patients. It disappeared in 6 patients and decreased in 1. Chemosis, which 
was present in 2 of the patients, also disappeared. A decrease in the 
Hertel values by 2 to 9 mm was recorded in 7 patients; in the remaining 
3 there were no changes in the Hertel values. Orbitonometry was per- 
formed before treatment in 6 patients. In 4 of these the retrobulbar 
pressure was normal despite prominent ocular changes, and in 2 it was 
increased. The increased pressure returned to normal in 1. In the other 
patient it remained increased despite the disappearance of other eve 
symptoms. 

In the remaining 6 cases in which irradiation of the hypophysis and 
posterior of the orbits did not produce satisfactory improvement, the 
anterior part of the orbits was afterwards also irradiated. In 4 out of 
5 patients this complementary treatment was followed by a disappearance 
of the eye symptoms. Oedema of the eyelid disappeared in 5 of 6 patients. 
Two patients had chemosis, which disappeared in both. The Hertel values 
decreased in 2 patients by 2 mm and 5 mm respectively and persisted 
unchanged in the remaining 4, but the eye symptoms disappeared com- 
pletely. 

Ejfect on thyroid function. Judged by general symptoms, weight- 
loss, pulse, blood-pressure, BMR, [''-test and cholesterol in the serum, 
10 of the 16 patients were before treatment hyperthyroid, 4 were euthyroid 
and 2 hypothyroid. All 10 hyperthyroid patients became symptom free 
and gained in weight. The pulse rate decreased. The BMR became normal 
in 7 patients. In the remaining 3 cases the BMR-values became subnormal 
but I-tests in these cases were normal. Only 2 of the 10 initially hyper- 
thyroid patients showed a slight increase in the uptake of I after treat- 
ment. Normal and subnormal thyroid function was not influenced by 
the treatment. (The clinical and laboratory findings in all patients —e 
and after treatment are given in detail in an article to be published in 
Acta med. Scandinav.) 
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Roentgen Irradiation of the Orbits only 
This treatment was given to 3 patients. 


The first patient (Journal No. 1838/51, Rad. Clin.), a man, aged 28, was subjected to 
thyroidectomy 1 year and 4 months previously. He was hypothyroid and therefore 
received desiccated thyroid. In spite of this medication his eye symptoms — lacrimation 
and eyelid oedema — were not influenced. After roentgen irradiation to the orbits with 
a calculated depth dose of 700 r in 7 days, the eye symptoms disappeared completely. 
He was symtom free after a follow-up of 30 months. 


The second patient (Journal No. 3227/47, Rad. Clin.) had undergone thyroidectomy 
several years earlier and was euthyroid. The fairly pronounced exophthalmos, which 
she had had for about five years and a half produced no characteristic symptoms. She 
had eyelid oedema and the Hertel values were 21 mm bilaterally. Orbitonometry, how- 
ever, showed increased retrobulbar tension on both sides. Treatment was desired on 
mainly cosmetic grounds, 

Orbital irradiation was given with a calculated depth dose of 700 r in 6 days without 
any effect. Nor had two additional roentgen series (total depth dose 2,000 r in 8 months) 
had any effect. This suggests that the disease was no longer active, an assumpticn also 
supported by the absence of ocular symptoms. Fibrous tissue irresponsive to roentgen 
irradiation, certainly lay behind the bulbs. 


The third patient (Journal No. 1128/50, Rad. Clin.), a man, aged 58; thyroidectomy 
& months previously with a recent extremely severe malignant exophthalmos threatening 
vision. Moderated exophthalmos (Hertel values: Right: 22 mm; Left: 21 mm), marked 
chemosis, oedema of eyelids and diplopia present. Visual acuity: Right 0.3; Left 2/60. 
Bilateral papilloedema and defects of visual fields on both sides. As the changes advanced 
rapidly the patient was offered orbital decompression, but refused. Orbital irradiation 
therefore was given with a calculated depth dose of 700 r in 8 days. During treatment 
there was already rapid improvement. Thus the visual acuity increased from 0.3 to 1.0 
on the left side and from 2/60 to 0.1 on the right side, Hertel values decreased 1 mm 
bilaterally. Chemosis subsided and the defects of visual fields showed regression. Four 
weeks later a second series of roentgen irradiation (total depth dose 1,000 r in 44 days) 
was delivered to each orbit. 

The patient was followed up for 36 months. During this time he was free from eye 
symptoms. When last seen the visual acuity was 1.0 on the right side and 0.4 on the left. 
Normal field of vision on the right side and small paracentral scotoma on the left. The 
papillae were normal; the Hertel values were 20 mm bilaterally and orbitonometry showed 
normal retrobulbar tension. 


Discussion 
Roentgen Irradiation of the Hypophyseal Region 


In most of our patients this treatment produced satisfactory regres- 
sion of the eye symptoms. This regression may be ascribed, at least 
partly, to direct irradiation of the posterior part of the orbits. But that 
the irradiation also suppressed the increased pituitary thyrotropic 
activity is shown by the fact that it controlled hyperactivity of the 
thyroid in all of the 10 patients with hyperthyroidism. 

It is apparent from the literature that in some cases fairly intensive 
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irradiation of the hypophyseal region fail to effect any improvement 
in the eye symptoms, while in others, relatively small doses produced 
good results. The difference in the results may be explained by difference 
in the stage in which the roentgen therapy was given. It is known, for 
example, that the longer the disease is left untreated the more the retro- 
bulbar connective tissue proliferation progresses. It is therefore important 
to diagnose the disease as early as possible and to start irradiation of the 
hyperfunctioning organ, the hypophysis, without delay. 

The depth doses used in the irradiation of the hypophysis in the 
present series (usually 3,000—4,000 r in 60 to 90 days) were more or less 
the same as those mostly employed in the radiotherapy of acromegaly 
and Cushing’s disease of pituitary origin. These doses produced no de- 
monstrable effect on the normal functions of the hypophysis. 

Other hypophyseal functions were checked (adrenaline test, ACTH- 
test, glucose tolerance test, determination of urinary 17-ketosteroids and 
11-oxysteroids) during treatment and at least one year afterwards. In no 
instance was any disturbance observed. Libido and ovarian function 
were also not disturbed and no side effects were noted. This is in line with 
the experiences of earlier workers in this field (e. g. KAPLAN 1941, Lurr 
1932, 1948), who stressed that there is a large difference between the 
roentgen dose sufficient to control pathologic cellular function and that 
necessary to impair the function of normal cells. 

There therefore appears to be no contraindications for doses of this 
size in the treatment of the hyperophthalmopathic type of Graves’ 
disease. 

SUMMARY 

The manifestations and technique of treatment of the hyperophthalmopathic type 
of Graves’ disease are described. Sixteen patients with this disease received roentgen 
irradiation of the hypophysis and orbits, 3 of the orbits only; these latter cases are dis- 
cussed in detail. A suitable depth dose in the irradiation of the region of the hypophysis 
appears to be 3,000—4,000 r/60—90 days or the corresponding dose in relation to the time 
factor. It is important to start irradiation as early as possible. Thyroidectomy, treatment 
with thiouracil compounds and radiotherapy of the thyroid gland are contraindicated 
in the hyperophthalmopathic type of Graves’ disease. 


ZUSAMMENFASSUNG 

Die Symptomatologie und die Behandlungstechnik des hyperophthalmopathischen 
Typus des Morbus Basedow werden beschrieben. Sechzehn Patienten mit dieser Krank- 
heit erhielten Réntgenbehandlung der Hypophyse und der Orbitae. Bei 3 Patienten 
wurden nur die Orbitae bestrahlt; diese Fille werden eingehend besprochen. Eine optimale 
Tiefendosis fiir die Bestrahlung der Hypophysengegend scheint 3,000 r—4,000 r im 
Laufe von 60—90 Tagen oder eine entsprechende Dosis unter Beriicksichtigung des 
Zeitfaktors zu sein. Es ist wichtig, die Réntgenbestrahlung so bald als méglich zu beginnen. 
Thyreoidektomie, Behandlung mit Thiourasilpriparaten und radiologische Behandlung 
der Glandula thyreoidea sind bei diesem Krankheitsbild kontraindiziert. 
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RESUME 


Les auteurs décrivent les manifestations et la technique de traitement de la forme 
exophtalmique de la maladie de Graves-Basedow. Seize malades atteints de cette affection 
ont été traités par roentgenthérapie de lhypophyse et des orbites, et 3, des orbites seule- 
ment; ces derniers cas sont étudiés en détail. La dose en profondeur convenable de lirra- 
diation de la région hypophysaire semble étre de 3,000—4,000 r en 60 & 90 jours ou la 
dose correspondante, compte tenu du facteur temps. 

I] est important de commencer l’irradiation aussitot que possible. La thyroidectomie, 
le traitement par les composés du type thiouracile et la radiothérapie de la glande thyroide 
sont contre-indiqués dans la forme exophtalmique de la maladie de Graves-Basedow. 
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FROM THE RADIUM CENTRE (DIRECTOR: JENS NIELSEN), COPENHAGEN, DENMARK 


RADIATION CANCER 
Report of 21 Cases 
by 
Olaf Petersen 


Radiation cancer is uncommon to the extent that the literature con- 
tains only about 200 cases. However, there have no doubt been many 
unpublished cases, particularly affecting the professional man (6). Pre- 
sumably this lesion will constantly decrease in frequency as the technique 
and protection are gradually improved. Complete prevention must be 
the goal, one which seems to be within the limits of possibility. The cases 
reported, however, bear irrefutable evidence of the carcinogenic effect of 
ionizing radiation. 


The first case of radiation cancer was described by the German worker Friesen (11) 
in 1902, only 6 years after RONTGEN announced his discovery of the new rays to the 
Physical-Medical Society of Wiirzburg in December, 1895. The patient, a roentgen 
technician, aged 33, developed, after having been engaged for 4 years in demonstrating 
roentgen tubes, a prickle cell carcinoma involving the greater part of the dorsum of the 
right hand with metastases in the cubital and axillary lymph nodes. Treatment consisted 
in amputation of the arm at the shoulder-joint. The patient’s further fate is unknown. 

But even in the years preceding FRIEBEN’s report a sizable and dearly bought 
empiric material had accumulated on the biologic effect of roentgen rays on the skin. 
In the spring of 1896, not even 6 months after the discovery of the rays, Dante. (8), 
STEvENs (29) and Leprrn (20) reported heavy skin reactions and later in the same year 
MARKUSE (22) announced a case of alopecia and dermatitis in a young man of 17, who 
several times daily had been a subject for official demonstrations of fluoroscopy. In 1899 
the first report was published on cicatrization and telangiectasia in irradiated skin 
(PLonsk1, 28). In 1902 CopMman (5) collected no less than 172 cases of severe radiation 
injuries which had occurred in U. 8. A. Further considerations of the numerous and 
extremely interesting publications on the effects of radiation observed in the early years 
of radiology would be beyond the scope of a paper of this size. Readers interested are 
referred to monographs by Fiaskamp (10), and Russ (7), and LacassaGNe 
(18, 19). 


Aided by a grant from the Danish Anti-Cancer League. Submitted for publication, 
October 21, 1953. 


16—540088. Acta Radiologica. Vol. 42. 
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The first cases of radiation cancer were almost exclusively encountered 
in those whose profession was connected with roentgen apparatus, 7. ¢. 
radiologists, nurses, and technicians. This form of cancer is therefore 
classified as a professional lesion, and it is often designated ‘occupational 
radiation cancer’. A number of the pioneers of radiology fell victims to 
this condition, among others Guipo HonzkNEcut and one of the first 
teachers of radiology in Denmark, J. F. Fiscuer (23). It was not until 
much later that cases of cutaneous cancer following roentgen treatment 
were reported, a group usually termed ‘therapeutic radiation cancer’. 
In the early roentgen era occupational cases were in the majority (13 
This has now altered, the majority of recent cases being due to treatment 
with ionizing radiation. A characteristic feature of therapeutic radiation 
cancer is that it is in most, if not all, cases observed following treatment 
of benign lesions, such as verrucae, psoriasis, acne, favus, prurigo, etc. 
On further consideration, this is not surprising. It is true that patients 
with malignant diseases receive heavier doses than those with benign 
lesions, but the latter are more numerous and more of them live long 
enough to develop radiation cancer, while a large proportion of the cancer 


patients die within a relatively short period before they have a chance of 


developing radiation cancer. It must also be borne in mind that early 
radiation of an autochthonous skin carcinoma makes it difficult to decide 
whether a growth arising within the radiated area is a late recurrence 
or a new cancer due to the radiation. 

The latent period, 7. e. the period elapsing between the radiation and 
the manifestation of cancer is very long — amounting to years or decades. 
The first papers on the subject mention latent periods of about 10 years. 
In Hesse’s (13) paper this period ranged from 4 to 14 years, averaging 
9 vears caleulated from the time of onset of the radiation. KRAUSE (16) 
found an average latent period of 7 to 8 years, the range being from 4 to 
17 vears. In later papers, however, the latent period is reported to be 
considerably longer, even up to 34 years 6, 18). LACASSAGNE (18) found 
a difference between the latent period it 1 professional and therapeutic 
cases. In the former group he reported an average latent period of 26 
years (6 patients) and in the latter group 14 years (6 patients). The same 
difference though not so marked was noted by HAAGENSEN (12) 
who reported 15.5 years (11 cases) and 1] years (5 cases) respectively. 
Much shorter latent periods have been observed in a few, the so-called 
‘acute’ radiation cancer cases (JENS NIELSEN, 25). 

With regard to situation, radiation cancer differs pe ecoptany from 
spontaneous skin carcinoma. JENS NIELSEN (26) has analysed 277 cases 
of autochthonous skin cancer treated at the Radium Centre, Copenhagen, 
during the period 1920 to 1928. The distelbatinn by situation was as fol- 
lows: Face, 234 cases (about 85 °%); external ear, 16 cases (about 5 %): 
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scalp, 3 cases (about 1 %); neck, 9 cases (about 3°); trunk, 4 cases (about 
2%); upper extremities, 9 cases (about 3°); and lower extremities, 2 
eases (about 1 %). In comparison, nearly all cases of occupational radia- 
tion cancer affect the hands, most often the left and usually the dorsal 
aspect of the index and middle fingers (the left hand being used for pal- 
pation of the patient during screening, and the right hand to operate = 
apparatus). This difference in the distribution i is not quite as marked } 
eases of therapeutic radiation cancer, but yet unmistakable. 

Multiple skin cancers following radiation are not uncommon. Thus 
Hesse (13) found multiple occurrence in 17 out of 54 cases (31.5 %). In 
comparison, the same worker found multiple occurrence of spontaneous 
skin carcinoma in 14.3 %. 

The statements as to the tendency to form metastases differ, but all 
authors agree that it is rather high. Thus, Hesse (13) found regional 
metastases in 26 °%, of cases; HAAGENSEN (12) found enlargement of the 
regional lymph nodes in 63 % 

The histologic appearance of radiation cancer is usually that of a 
prickle cell carcinoma, but this is nut always so, as pre ‘viously believed 
(24). In rare cases sarcoma occurs, most frequently following radiation 
of tuberculous skin lesions (9). 

Some authors have maintained that the so-called sarcomas were in 
fact highly anaplastic carcinomas, the cells of which had assumed a more 
or less typical spindle shape, but this problem still awaits final elucidation. 

The prognosis of radiation cancer is distinctly poorer than that of 
autochthonous skin cancer. Patients with the latter variety become 
free of signs in 90°, or more of all cases (27). Hesse (13) reported a 
mortality of 20.3 % (in the 11 patients who died, the average survival 
time calculated from the diagnosis of cancer was 9.5 years). HAAGENSEN 
(12) found a 5-year mort ality of 35 %. 

Cancer seldom develops after radium therapy and if so most often on 
an occupational basis. However, LABORDE (17) has reported a case ob- 
served following radiation of a facial angioma. The latent period was 21 
years. 

The genesis of radiation cancer is unknown. It is difficult to decide 
whether it is due to a direct action of the rays upon the tissues or an 
indirect effect preceded by the formation of cicatricial changes in the skin. 
Development of cancer from scars, particularly after burns, is no new 
experience. The reader is referred to F. BANG (2) who has dealt with this 
problem in great detail. A common characteristic of the two varieties of 
cancer is the long latent —_ BANG (1) observed development of cancer 
in a sear left by burns after a latent period of 65 years. In general, a 
radiation scar is considered to be essential for the later develop ment of 
radiation cancer (10). BECLERE (3), and a few other authors, however 
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deny any relationship between the severity of the cutaneous changes 
and the probability of later cancer development; the former states that 
he has observed development of radiation cancer in skin of an entirely 
normal appearance. It may be objected that it is difficult to prove that 
the cancer in the latter case was really due to the radiation and not an 
autochthonous cancer. BruEs (4) has not observed cancer development 
after doses lower than 1,000 r, “although the possibility of such effects 
resulting from lower dosages, either as statistical accidents, or due to 
individual suspectibility, is not ruled out’’. This leads us to the extremely 
difficult problem regarding the existence of a threshold value at which 
ionizing radiation may induce radiation cancer, and which still remains 
an open question. The interpretation of radiation cancer as simple cica- 
tricial cancer seems, however, to be an over-simplification. 

{xperimental induction of radiation cancer in animals was not ac- 
complished until many years after the lesion had been observed in man 
(21). During recent years, however, research into this aspect has been 
carried out with great intensity owing to the increased actuality of these 
problems after the invention of the atomic bomb. Cancer has been in- 
duced in mice, rats, guinea pigs, and rabbits following radiation. The 
animal experiments have shown the same long latent period (in relation 
to the animals’ lifetime) which was characteristic of human radiation 
cancer. The histologic appearance of the induced tumours, however. 
appears to differ somewhat from what is usually found in man, sarcomas 
heing very common. Further details regarding experimental investiga- 
tions in this field are supplied by LacassaGNE (18, 19) and Brves (4) 
who give detailed references to the literature. 


Writer’s Series 


The present series comprises a total of 21 patients, 19 from the Radium 
Centre, and 2 from the Department of Surgery and Department of Sur- 
gical Tuberculosis of the Finsen Institute, for the years 1913 to 1952. 
luring the same period the total number of spontaneous skin carcinomas 
referred to the Radium Centre numbered about 6,000. In other words. 
this special cancer makes up only about 3 in one thousand of all skin 
carcinomas. 

The case histories are summarized below: 


Case 1. (Fig. 1.) Case rec. 5. Female. In 1913, at the age of 18 referred for treat- 
ment of a capillary haemangioma involving the left half of the face and the right half 
of the neck and chest. From 1913 to 1915 she received a total of 14 applications of radium 
to the left cheek. In 1943, 30 years after the first radium treatment, deep ulceration de- 
veloped on the left ala nasi. The skin surrounding it as well as on the left cheek was the 
site of distinct atrophy and telangiectases. Micr. exam.: Basal cell carcinoma. No nodal 
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metastases. Treatment: Excision followed by plastic surgery in the course of the following 
years. 1951: Recurrence anteriorly in the left nasal cavity. Again radical excision. 1953: 
‘Alive without signs of recurrence. 

Case 2. (Fig. 2.) Case rec. 978. Female. In 1917, at the age of 9, referred for treat- 
ment of angioma of the right conjunctiva. From 1917 to 1920 the patient received a total 
of 11 radium applications. In 1939, 22 years after the first application, she developed a 


Fig. 1. Fig. 2. 
Fig. 1. Case 1. Uleerative carcinoma (micr. exam.: basal cell carcinoma) on the left ala 
nasi, appearing at the edge of an area of radiation changes on the left cheek 
30 years after radium treatment for capillary haemangioma. 


Fig. 2. Case 2. Cauliflower-like tumour (micr. exam.: basal cell carcinoma) of the right 
upper eyelid, appearing 22 years after radium treatment for conjunctival haem 


angioma. 


cauliflower-like tumour involving the greater part of the right upper eyelid. The skin 
around and on the right lower eyelid showed moderate atrophy and only scattered tel 
angiectases. Micr. exam.: Basal cell carcinoma. No nodal metastases. Treatment: Roent 
gen irradiation (180 kV, 6 mA, 0.5 mm Cu, 50 cm) total dose 2,850 r/20 days, supplemented 
with roentgen contact therapy, total dose 1,250 r/5 days. The tumour disappeared. Seven 
years after this treatment, the patient died of an irrelevant cause without any signs of 
recurrence. 


Case 3. (Fig. 3.) Case rec. 3032. Female. In 1909, at the age of 34, referred for 
treatment of syringomyelia. From 1909 to 1917 she received from 25 to 35 roentgen 
irradiations annually to the dorsal and lumbar parts of the spine. Dosage and 
quality of rays unknown. In 1921 a large ulcer appeared, involving the greater part of 
the dorsal and the upper part of the lumbar region. When referred to the Radium Centre 
in 1924, 15 years after the first treatment, she had a large raised tumour, 7 x 10 cm, in 
the interscapular region. Micr. exam.: Prickle cell carcinoma. No nodal metastases. Treat- 
ment: Radium contact therapy (5,400 mg hours). Transitory flattening of the tumour. 
Died in February 1925 without signs of remote metastases. 


Case 4. Case rec. 11461. Male. In 1918, at the age of 22, roentgen irradiation, 
a total of 4 sittings at monthly intervals, for folliculitis of the nape of the neck. Dosage 
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and quality of rays unknown. The treatment induced radiation ulceration which healed 
in 3 weeks. In 1934. 16 years after the treatment, an ulcer crater, 2 x 3 em. appeared 
superiorly in an area larger than the palm of hand and the site of marked disturbances 
of pigmentation. Atrophy and telangiectases corresponding to the irradiated area. Micr 
exam.: Prickle cell carcinoma. No nodal metastases. Treatment: Excision with a wide 
margin followed by grafting. The patient is still alive. 18 vears later. without anv signs 
of recurrence 


Fig. 3 Fig. 4. 
Fig. 3. Case 3. Large raised tumour (micr. exam.: prickle cell carcinoma) of the back 
appearing 15 years after roentgen irradiation for syringomyelia. 


» 


Fiv. 4. Case 6. Uleerative tumour (micr. exam.: prickle cell carcinoma) appearing cen 
trally in an area of radiation changes on the left cheek, 22 vears after radium 
treatment for capillarv haemangioma. 


(‘ase 5. Case rec. 11443. Male. In 1902, at the age of 45, had a roentgen examination 
with one of the first units installed in Denmark. for a suspected fracture of the right 
shoulder. Two plates were made. each with an exposure time of half an hour. The case 
record states: “Nothing appeared on the plate, but the patient’s beard fell out. and he 
developed marked reddening not only of the shoulder region, but also of the entire right 
side of the face.” In 1906, 1932 and 1938 1, 30 and 36 years later respectively he 
developed a small basal cell carcinoma on the right cheek. In this area the skin was 
slightly atrophic and showed scattered telangiectases, but there was no induration of the 
subcutaneous tissue. No noda! metastases. The first cancer was excised and did not 
recur. The two which followed were treated with radium puncture, also with satisfactory 
results. The patient died of an irrelevant cause in 1942, at the age of 85. 


Case 6. (Fig. 4.) Case rec. 12666. Female. In 1913, at the age of 37, the patient 
received radium therapy to a capillary haemangioma of the face; a total of 19 applications. 
She gradually developed severe cicatricial radiation changes on the side of the left face. 
In 1935, 22 years later, ulceration appeared at the left temporal canthus. The surrounding 
skin was markedly atrophic with telangiectases and induration of the subcutaneous tissue. 
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Mier. exam.: Prickle cell carcinoma. Treatment: Electrocision. The following year a new 
cancer appeared laterally to the left lower eyelid. This growth was also excised and the 
defect covered with a flap from the left upper arm. Died one month after the operation. 
\utopsy showed no signs of metastases. Cause of death: Infective pyelonephritis. 


Case 7. Case rec. 13263. Male. In 1913, at the age of 29. referred for treatment for 
capillary haemangioma of the face. From 1913 to 1916 a total of 23 radium contact appli 
cations. In 1935, 22 years later, a large cancer developed. involving the left half of the 
bridge of the nose, the left nasal canthus, and the left cheek. The surrounding skin was 
moderately atrophic with scattered telangiectases. Micr. exam.: Cornified prickle cell 
carcinoma. Treatment: Roentgen (100 kV. 2 mA, no filter. total dose 5,050 1/53 davs) 
Electrocision of a residual tumour at the nasal canthus. Three years later a new cance) 
on the vermilion border of the upper lip. Treatment: Radium puncture. At the end of 
mother 6 years a third cancer appeared on the tip of the nose, at the margin of the radia 
tion sear. Despite treatment, the neoplastic tissue went on spreading. Died & vears after 
the appearance of the first cancer. No signs of metastases 


Case &. Case rec. 23908. Female. In 1923, at the age of 47. roentgen irradiation of 
vezema affecting both hands. A total of 30 sittings. Dosage and quality of rays unknown 
In 1941. 18 vears after the first treatment, ulceration. | x 1.5 em, appeared on the dorsal 
ispect of the metacarpophalangeal joint of the right thumb. within the irradiated area 
lhe skin of the dorsa of both hands and the dorsal aspect of the fingers was atrophic 
dry and scaly. with scattered hard hyperkeratoses and occasional telangiectases. Mici 
exam.: Prickle cell carcinoma. Treatment: Roentgen contact therapy (5,400/24 davs). The 
tumour subsided. In the following year a new cancer appeared on the back of the left 
hand, also successfully treated with roentgen contact therapy. Died in 1949, at the age 
of 73, from an irrelevant cause. 


Case 9, Case rec. 26344. Female. From 1905 to 1915 repeated roentgen irradiation 
to the face, neck, sternal region, and back for acne. Age at the commencement of the 
treatment 20. No data are available about the number of sittings, dosage, quality of rays. 
primary reaction or ulceration. In 1943, 38 years after the first treatment, a small cutane- 
ous carcinoma appeared superiorly on the anterior aspect of the right chest. The skin of 
the irradiated areas exhibited moderate atrophy, dryness, telangiectases, and disturbances 
of pigmentation. Micr. exam.: Basal cell carcinoma. Treatment: Excision. During the 
period 1943 to 1953, 7 additional small cutaneous skin cancers appeared within the 
irradiated area (forehead, left cheek, upper lip, right eyebrow, and back). All were treated 
with excision and all proved to be basal cell carcinomas. No signs of metastases in the 
regional lymph nodes. 


Case 10. Case rec. 28207. Male. In 1920, at the age of 22, roentgen irradiation to 
a wart on the dorsum of the right hand, in 12 sittings in the course of 23 days. Total 
dose: 4'/, Sabouraud-Noiré. No data regarding the quality of the rays except that they 
were “very soft’. In 1942, 22 years later, a cancer, 2 x 2 cm, appeared in the centre of 
un area, 5 x 6 em, on the dorsum of the right hand with thin, atrophic and dry skin. 
induration of the subcutaneous tissue, and a few telangiectases. Micr. exam.: Prickle cell 
carcinoma. Treatment: Excision followed by grafting. The patient is still alive, 11 years 
after the operation, without any signs of recurrence. 


Case 11. Case rec. 46909. Female. In 1906, at the age of 6, the patient received 
roentgen irradiation for favus at the University Clinic in Berlin. Partial epilation in 
connection with the treatment. In the following year she had another series of roentgen 
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irradiations for the same lesion. Dosage and quality of rays unknown. She developed 
severe radiation changes, involving a large proportion of the scalp. Typical glossy skin 
(‘cigarette paper skin’) with scattered telangiectases. In 1948, 42 years later, ulceration 
3 x 3 cm, appeared in the left parietal region. Micr. exam.: Parakeratotic prickle cell 
carcinoma. Treatment: Excision and grafting. Two months later local recurrence with 
propagation to the underlying bone. Three years after the appearance of the cancer the 
patient committed suicide because of the severe pain. No regional metastases. 


Case 12, Case rec. 48861. Female. In 1917, at the age of 9, the patient received a 
total of 16 roentgen irradiations because of Graves’ disease. Single doses and quality of 
rays unknown. From November 1922 to January 1923 she received another course of 
roentgen irradiation for the same disease (1 Sabouraud-Noiré x 3, 4 mm Al). In March 
1923 early telangiectasis was observed on the neck and in September 1923 the case record 
states that: “the skin in the irradiated fields is somewhat atrophic’. In 1948, 31 years 
after the first treatment, ulceration, 11 x 9 mm, with slightly raised edges appeared 
within the irradiated area on the anterior aspect of the neck. About 10 years previously 
there had been a small affection covered with a crust at this site. The skin in an area, 
% x 8 cm, on the anterior aspect of the neck was the seat of pigment disturbances and 
telangiectases, without being actually atrophic. Micr. exam.: Basal cell carcinoma. No 
nodal metastases. Treatment: Excision. The patient is still alive, 5 years after treatment, 
without any signs of recurrence. 


Case 13. Case rec. 49376. Female (the mother of Case 12). In 1917, at the age of 
35, she received 12 roentgen irradiations for Graves’ disease at the same time as her 
daughter. Single doses and quality of rays unknown. From March 1922 to January 1924 
another course of roentgen irradiation for the same disease (1 Sabouraud-Noiré x 6, 4mm 
Al) at 1 to 2 months’ intervals. The only data about the primary reaction are dated Janu- 
ary, 1923: “considerable reddening on the neck’’. In 1948, 31 years after the first treatment, 
an indurated scaly affection, 7 x 15 mm, appeared on the right aspect of the neck with 
a similar condition, the size of a pea, on the left side; both were situated at the border 
of skin areas measuring 6 x 8 cm, with moderate telangiectases without particular atrophy. 
Micr. exam. (of specimens from both areas): Basal cell carcinoma. No nodal metastases. 
Treatment: Excision. The patient is still alive, 5 years after treatment, without any signs 
of recurrence. 


Case 14. Case rec. 51922. Male. In 1918, at the age of 18, the patient received 
roentgen irradiation for “glands in the neck”. In the course of four years he received a 
total of 23 Sabouraud-Noiré directed to the right side of the neck and 33 to the left side. 
Filtration: 3 to 5 mm Al. In 1949, 31 years after the commencement of the treatment, 
fixed ulceration, 2 x 5 em, appeared in the centre of the irradiated area on the left side 
of the neck. The surrounding skin was decidedly atrophic with induration of the subcu- 
taneous tissue and disturbances of pigmentation. On the right side there were also pro- 
nounced radiation changes. No palpable enlargement of the cervical lymph nodes. Micr. 
exam.: Prickle cell carcinoma. Treatment: Excision and grafting. One year after the 
operation diffuse local recurrence. Roentgen irradiation was tried, but this only aggravated 
the condition. Died 18 months after the operation without any signs of distant metas- 
tases. 


Case 15. (Fig. 5.) Case rec. 55782. Female. From 1917 to 1920 repeated courses 
of roentgen irradiation for Graves’ disease. Age at commencement of treatment 36. In 
1935, 18 years after the first treatment, a nodular tumour, 8 x 10 cm, appeared in the 
centre of the irradiated area. Infero-anteriorly on the neck, the skin showed unmistakable 
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radiation changes consisting of atrophy, telangiectases, and disturbances of pigmenta- 
tion. Micr. exam.: Prickle cell carcinoma. No nodal involvement. Treatment: Excision 
and grafting. Since then no sign of local recurrence. 


Case 16. Case rec. 57207. Female. In 1915, at the age of 21, she received roentgen 
irradiation for eczema of the right cheek. During approximately the following 2 years 
she was treated every fortnight. Dosage and quality of rays unknown. In 1950, 35 vears 


Fig. 5. Fig. 6. 
Fig. 5. Case 15. Large nodular tumour (micr. exam.: prickle cell carcinoma) appearing 
in an area of radiation changes on the anterior aspect of the neck 18 years after 


roentgen irradiation for Graves’ disease. 

Fig. 6. Case 18. Raised tumour (micr. exam.: fibrosarcoma) appearing centrally in an 
area of radiation changes on the left aspect of the neck 33 years after roentgen 
irradiation for “glands in the neck”’. 


after the first treatment, ulceration, 1 x 0.5 em appeare. at the edge of an area. 7 < 8 
em with radiation changes in the form of unmistakable atrophy of the skin, disturbances 
of pigmentation and scattered telangiectases involving the entire right cheek. Micr. 
exam.: Prickle cell carcinoma. No regional metastases. Treatment: Excision and grafting. 
Since then no signs of recurrence. 


Case 17. Case rec. 58881. Female. In 1918, at the age of 8, roentgen irradiation 
for actinomycosis of the right parotid region. A total of 5 sittings. Total dose 60 Holz- 
knecht. Quality of rays unknown. In 1950, 32 years later, a cancer, 2 x 1 em, appeared 
in the peripheral part of a 6 X 9 cm area with irradiation changes which involved the 
right parotid region, the right mandibular region, and the adjacent upper part of the right 
side of the neck. In this area the skin showed moderate atrophy, marked disturbances of 
pigmentation, moderate telangiectases, but there was no induration of the subcutaneous 
tissue. Micr. exam.: Prickle cell carcinoma. No involvement of the regional lymph nodes. 
Treatment: Roentgen contact therapy (4,250 r/11 days). The tumour disappeared and has 
not later shown any sign of local recurrence. 


Case 18. (Fig. 6.) Case rec. 65885. Female. From 1919 to 1931 roentgen irradiation 
to “glands in the neck”. Age at commencement of treatment 23. Total dose to the left 
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side of the neck 12 3/5 Solomons R, to the right 8 1/5 Solomons R. Filtration: 3 to 5 mm 
Al, distance 25 to 30 em. In 1952, 33 years after the first treatment, a raised tumour. 
1 3 < 0.5 em, appeared on the left side of the neck. At the site of this tumour there 
hacl some 10 years previously, been a small superficial area of ulceration. The skin around 
the tumour was highly atrophic with induration of the subcutaneous tissue and numerous 
telangiectases. Micr. exam.: Fibrosarcoma. Treatment: Excision of the entire area showing 
racliation changes. There was invasion of the sternocleidomastoid muscle and the entire 


Fig. 7. Fig. &. 
Fiz. 7. Case 19. Partly ulcerative. partly raised, tumour (micr. exam.: prickle cell cat 
cinoma) appearing in a chronic radiation ulcer in the left popliteal region 33 
years after roentgen irradiation of a nodule of unknown nature. 


Fiz. x. Case 21. Rapidly growing nodular raised tumour (micr. exam.: prickle cell cai 
cinoma) on the lateral aspect of the left foot, appearing 39 vears after roentgen 
irradiation for tuberculous arthritis. 


urea was firmly adherent to the vascular sheath. Died two days after the operation. 
\utopsy gave no explanation of the sudden death (possibly vagus shock). No signs of 
distant metastases. 


(‘ase 19. (Fig. 7.) Case rec. 66158. Female. In 1919. at the age of 34. roentgen 
irradiation of a nodule of unknown nature in the left popliteal region. A total of 5 sittings. 
Dosage and quality of rays unknown. This treatment induced a radiation ulcer which 
remained unchanged for years and which the patient treated with wet dressings. In 
April 1952, 33 years after the treatment, the ulceration began to enlarge rapidly. The 
surrounding skin was extremely atrophic, showing disturbances of pigmentation and 
telangiectases. Distinct induration of the subcutaneous tissue. Micr. exam.: Prickle cell 
carcinoma. No nodal involvement. Treatment: Amputation at the thigh. Died a fortnight 
after the operation. Autopsy: Embolism of the pulmonary artery. No signs of distant 
metastases, 


Case 20. Case rec. K 33650. Female. In 1907. at the age of 14, the patient had an 
operation fer inguinal hernia at a hospital in Berlin. By way of experiment, a number of 
roentgen plates were obtained of the left elbow. This induced heavy cutaneous reaction 


fol 
In 
of 
tin 
Fil 
fol 
ret 
H: 
lat 
th 
ol 
p! 
! 
0 
a 
t 
t 
‘ t 
( 
( 
1 


RADIATION CANCER 231 


followed by severe radiation changes involving almost the entire lateral aspect of the arm. 
In 1948, 41 years later, an ulcer crater appeared 5 cm above the elbow-joint. The skin 
of the lateral aspect of the arm, from the middle of the upper arm to the wrist, was dis- 
tinctly atrophic with pigment alterations and scattered telangiectases. Micr. exam.: 
Fibrosarcoma. No regional involvement. Treatment: Excision of the entire radiation scar 
followed by grafting. Since then no signs of recurrence. 


(ase 21, (Fig. 8.) Case rec. K 34847. Male. In 1912, at the age of 22. the patient 
received roentgen irradiation for tuberculous arthritis of the left ankle at a hospital in 
Hamburg. Dosage and quality of rays unknown. In 1930 ulceration appeared on the 
lateral aspect of the ankle. It refused to heal despite treatment. In 1951. 39 years after 
the treatment, a rapidly-growing nodular raised tumour, 10 x 7 cm. appeared posterior 
on the lateral aspect of the foot, extending 2 to 3 cm on to the planta and reaching up 
wards proximally to the lateral malleolus. The surrounding skin was distinctly atrophic 
pigmented, with scattered telangiectases. Mier. exam.: Prickle cell carcinoma. No regional 
involvement. Treatment Amputation from the middle of the lower leg. Since then no 
sign of recurrence. 


Discussion 


( the 21 patients with radiation cancer about two-thirds. or a total 
of 15. were women. The age at the commencement of radiotherapy 
averaged 24.2 years (ranging from 6 to 47) and the age at the manifesta 
tion of cancer about 51 years (ranging from 31 to 67). In cases of multiple 
tumours, the period is calculated from the onset of the first. It will be 
seen that the average age at the onset of cancer is distinctly lower than 
the average age at the onset of spontaneous skin carcinoma which is 
over 70 (JENS NIELSEN, 27). 

Nineteen of these cases must be classified in the category of therapeutic 
radiation cancer, whereas two must be called accidental, being caused by 
diagnostic roentgen rays in the first decade of roentgenology. One of 
these latter cases was, moreover, a result of experimentation with a newly- 
installed plant. The series does not include a single case of occupational 
radiation cancer. 

All the radiated lesions were of a benign nature. All cases of malignancy 
following upon radiation of lupus vulgaris are excluded, as special con- 
siderations apply to these cases (HJortTH, 14). In 4 instances the under- 
lying lesion was an angioma (3 capillary haemangiomas, a type which is 
now generally considered to be resistant to radiotherapy). In 3 cases 
the lesion was of a tuberculous nature, viz. two cases of tuberculous 
cervical adenitis and one of tuberculous arthritis. Roentgen irradiation 
of Graves’ disease was responsible for radiation cancers in 3 patients and 
irradiation of eczema and acne for 2 cases each. Finally, there was one 
case of each of the following lesions: actinomycosis, syringomyelia, 
favus, wart of the hand, and a ‘tumour’ of the popliteal region of an 
unelucidated nature. It is worth noting that radiation cancers were not 
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observed in patients who had undergone epilation treatment for hirsutism, 
a condition which often was the object of particularly energetic and 
prolonged radiation in the early era of roentgenology. 

In 4 instances the radiation cancer occurred after radium treatment, 
in the remaining 17 after roentgen treatment. Exact data regarding 
the radiation technique (doses, fractionation, filtration, etc.) used in 
each case are not available. In the two cases induced by diagnostic roent- 
gen rays there is not even a possibility of a rough estimate of the dosage. 
The same applies to the cases in which the only data concern the number 
of sittings. In several cases, the dosage is stated in old roentgen units: 
Sabouraud-Noiré, Solomons R, and Holzknecht. It is true that a 
rough evaluation of the dosage is possible, although the dosage measure- 
ments during this period were not very accurate. On the whole, it is 
impossible to draw any definite conclusion regarding the significance of 
dosage, fractionation and similar factors for, for example, the length of 
the latent period. No relationship was found between the number of 
sittings and the length of the latent period. In one of the cases (Case 5) 
cancer developed after a single irradiation, and in the remaining cases the 
sittings ranged from 4 to 280. The total period of the treatments varied 
from 23 days (Case 10) to 12 years (Case 18). The malignant growths 
invariably appeared in areas of skin which had shown unmistakable 
clinical signs of radiation changes, manifesting themselves as atrophy, 
induration, disturbances of pigmentation, or teleangiectases, a syndrome 
which has been designated ‘chronic, atrophic roentgen dermatitis’. 
In 10 cases (Cases 1, 3, 4, 6, 8, 11, 14, 18, 19 and 21) cancer arose in 
chronic radiation ulceration. No doubt these patients had much larger 
doses, but the average latent period in this group does not differ from 
the series as a whole. In other words, the present series did not exhibit 
any relationship between the severity of the radiation reactions and the 
latent period. 

The latent period may be defined either as the period elapsing from 
the commencement of the radiation until the manifestation of cancer 
or as the period between the termination of radiation until the onset of 
cancer. According to the former definition the latent period in this series 
averaged 27.5 years, ranging from 4 to 42 years and according to the 
latter 24.6 years, ranging from 4 to 41. In cases of multiple tumours, 
the latent period is alculated until the onset of the first cancer. There is 
no significant difference between the latent period for radium cancer and 
roentgen cancer (the average latent period for the 4 radium cancers 
being 24 years and for the roentgen cancers 27.5 years). 

The radiation of all the patients was started and finished before 
CouTARD introduced the protracted, fractionated method. The earliest 
time of the first irradiation was 1902 and the latest 1923. All series had 
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been concluded prior to 1931. The chronologic distribution of the cases 
according to the year of the first irradiation is as follows: 


1902 1905 1906 1907 1909 1912 1913 1915 1917 1918 1919 1920 1923 


In other words, most of the radiation cancers resulted from radiation 
commenced during the period 1913 to 1919, 7. e. a total of 13 cases. The 
four radium cancers were also a result of treatment started during this 
period, three in 1913 and one in 1917. 

Multiple tumours occurred in the radiated areas in 6 instances, 7. e. 
28°. Four of them followed upon roentgen irradiation and 2 upon 
radium therapy. A total of 35 skin carcinomas occurred in the 21 patients. 
One patient developed 8 basal cell carcinomas within a period of 10 years, 
two patients had 3 cancers each, and three patients had 2 each. Four 
patients had multiple tumours of the face and one had 2 cancers on the 
dorsum of the hand. 

The situation of the 35 skin carcinomas was as follows: 17 on the face, 
| on the scalp, 8 on the neck, 3 on the chest, 4 on the upper limbs (in- 
cluding 3 of the dorsum of the hand), and 2 on the lower limbs. In relation 
to the radiation scar the cancer occurred in the central areas in 9 cases 
and in the marginal zone in 10. In two cases (with multiple carcinomas) 
the tumours appeared in the central as well as peripheral areas. In several 
instances, however, the available data did not clearly mention the origin 
of the cancer. 

Histologic examination of the tumours showed prickle cell carcinoma 
in 11 cases, basal cell carcinoma in 8, and fibrosarcoma in 2. Tumours 
of different histologic structures did not occur in the same patient. Out 
of a total of 35 tumours, 34 were confirmed histologically (the remaining 
one was the first of 3 skin carcinomas in Case 5 in which the two sub- 
sequent tumours were of the basal cell variety). Out of 32 histologically 
confirmed carcinomas 17 were of the basal cell and 15 of the prickle cell 
type. Basal cell carcinomas were more common in females (7 patients) 
than in males (1 patient), whereas the sex distribution of prickle cell 

carcinomas was about equal (6 females and 5 males). Multiple basal cell 
carcinomas were observed in 3 patients and multiple prickle cell carcino- 
mas in another 3. The latent period, calculated until the onset of the first 
tumour, was 31 years, ranging from 22 to 38 years, for basal cell carci- 
nomas and 25.3 years, ranging from 15 to 42 years, for prickle cell car- 
cinomas. The average latent period i in the case of the two sarcomas was 
37 years, viz. 33 and 41 years respectively. No relationship was found 
hele een the histologic structure of the tumours and the kind of radiation 
(radium or roentgen). Thus, two of the 7 tumours following upon radium 
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therapy were basal cell carcinomas and the remainder prickle cell tumours, 
From the clinical appearances it was impossible to distinguish the three 
histologic types, the two sarcomas being something of a surprise to the 
clinicians. No relationship was observed between the length of the radia- 
tion period and the histologic structure of the tumours. 

Unlike most other series, there was no case of involvement of the 
regional lymph nodes at the time when cancer was diagnosed. And none 
of the patients showed nodal or distant metastases later. 

Treatment was purely surgical — excision followed by grafting of 
the defect in the majority of cases, 7. e. 15 patients. Amputation was 
performed in two cases in which the cancers affected the extremities. In 
several instances, plastic surgery was required later to obtain a fairly 
good cosmetic result. 

Radiotherapy of radiation cancer may appear paradoxical, but never- 
theless it was tried in the case of a few selected patients. Of course, regard 
must be paid to the condition of the skin, and induration in the area must 
be taken as an absolute contra-indication for any therapeutic experiments 
of this nature. However, if the skin is soft and yielding, if there has been 
no radiation ulcer at the site of the cancer, and if the vascularization is 
judged to be fairly intact, the ultimate result may be extremely satis- 
factory from the cosmetic point of view. In two instances (Cases 8 and 17) 
roentgen contact therapy (60 kV, 4 mA, no filtration, 5 em) was given in 
total doses of 5,400 r 24 days and 4,250 r/11 days respectively, in both 
cases with good result. In Case 2 with a raised tumour of the upper eyelid 
which was fairly inaccessible to surgery, the tumour yielded completely 
to a combination of deep radiation (180 kV, 5 mA, 0.5 mm Cu, 50 em, 
2,850 r/20 days) and contact therapy (60 kV, 4 mA, no filtration, 5 cm, 
1,250 r 5 days). In one case (No. 14) palliative, analgesic roentgen irra- 
diation of a recurrence following excision was tried. The result was, 
however, poor and the treatment was soon stopped. Radium therapy 
was used in one case (No. 3). In this case, however, the treatment must 
be interpreted as a palliative measure, and the same applies to some 
extent to the combination of roentgen irradiation, radium treatment, 
and surgery tried in Case 7. It will be seen from our experience, therefore, 
that it is wrong to exclude radiotherapy from the therapeutic possibilities 
in radiation cancer, although this form of treatment ought to be reserved 
for selected cases. 

Finally, let us consider the permanent results. Of the 21 patients, 14 
have been followed up for more than 5 years. Seven are surviving without 
signs of recurrence, 18, 17, 11, 10, 5, and 5 years respectively after treat- 
ment. Three have died without signs of recurrence, 8, 7, and 4 years 


respectively after treatment, and 4 died with or of cancer at the end of 


9, 3, and 1 years and 1 month respectively. Of the remaining 7 patients, 
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4 are alive without recurrence, 4, 2, 2, and 1 years respectively after 
treatment, whereas two died of operative complications 2 and 14 days 
after the operation and one succumbed to cancer at the end of 18 months. 


For permission to publish the two cases from the Finsen Institute, I am indebted 
to J. Meyer, Director of the Department of Surgical Tuberculosis and A. Zacho, Director 
of the De :partme nt of General Surgery. 


SUMMARY 

\fter a review of the literature, 21 cases of radiation cancer of the skin are analyzed. 
Nineteen cases belong to the category of therapeutic radiation cancer and 2 followed 
accidental radiation injuries in the early years of radiology. Four cases occurred after 
radium treatment, the remaining 17 after roentgen treatment. All changes appeared in 
areas of the skin which showed clinical signs of radiation changes, but any relationship 
between the severity of the radiation reactions and the latency period was not demon 
strable. Treatment was in 15 cases purely surgical and 2 cases were treated with roentgen. 
\ combination of roentgen therapy was used. Of the 21 cases, 14 have been followed for 
more than 5 years. Seven of these patients are alive without signs of recurrence, 3 have 
died from other diseases and without signs of growths, and 4 (28.5 °) have died of cancer. 


ZUSAMMENFASSUNG 


Nach einer Literaturiibersicht werden 21 Faille von Strahlenkrebsen der Haut ana 
lysiert. Neunzehn Fille gehéren zur Kategorie der therapeutischen Strahlenkrebse und 
2 Faille traten nach unerwarteten Strahlenschiden in den ersten Jahren der Radiologie 
auf. Im Anschluss an Radiumbehandlung traten 4 Faille auf, die iibrigen 17 nach Rént- 
venbestrahlung. Alle Krebse traten in Hautgebieten auf, die klinisch Strahlenverinder 
ungen zeigten, aber Beziehungen zwischen dem Stirkegrad der Hautreaktion und de 
Latenzzeit konnten nicht nachgewiesen werden. Die Behandlung war in 15 Fallen rein 
chirurgisch und 2 Fille wurden mit Réntgenstrahlen behandelt. Eine kombinierte Rént- 
gentherapie wurde benutzt. Von den 21 Fallen sind 14 linger als 5 Jahre beobachtet 
worden. Sieben dieser Patienten leben ohne Rezidiv, 3 sind an anderen Krankheiten 
verstorben und waren rezidivfrei. Die iibrigen 4 (28.5 °,) sind am Krebs gestorben. 


RESUME 

\prés avoir fait une revue de la littérature, l’auteur analyse 21 cas de cancers cutanés 
dus aux radiations. Dix-neuf cas appartiennent a la catégorie des cancers par irradiation 
thérapeutique et deux sont consécutifs a des radio-lésions accidentelles dans les premieres 
années de la radiologie. Quatre cas sont survenus apres curiethérapie, les dix-sept autres 
apres roentgenthérapie. Toutes les lésions ont apparu sur des surfaces cutanées qui preé- 
sentaient des signes cliniques de radio-lésions, mais on n’a pu mettre en évidence aucune 
relation entre la gravité des réactions aux radiations et la période de latence. Le traite- 
ment a été purement chirurgical dans 15 cas et deux cas ont été traités par roentgen- 
thérapie. On a utilisé une association de roentgenthérapie. De ces 21 cas, 14 ont été suivis 
plus de 5D ans. Sept de ces malades sont en \ ie sans signe de récidive, 3 sont morts d’autre 


maladie sans signe de tumeur et 4 (28.5 9%) sont morts de cancer. 


LITERATURE 
1. Bane, F.: Le Cancer des cicatrices. Etude clinique et expérimentelle. Bull. Assoc. 
franc. p. Pétude du cancer 14 (1925), 203. 


1e 
i- 
e 
e 
yf 
t 

) 
l 


OLAF PETERSEN 


. Bane, F.: Essai de rapprochement entre expériences du cancer du goudron et celles 


du cancer des cicatrices, et contribution 4 l'étude de ce dernier. Bull. Assoc. 
franc. p. l'étude du cancer 17 (1928), 669. 


. Bécrére, A.: Uber den Strahlenkrebs bei Radiologen. Strahlentherapie 60 (1937), 9. 
. Bruss, A. M.: Carcinogenic effect of radiation. Advances in Biological and Medical 


Physics Vol. II, p. 171. Academic Press Inc. Publishers, New York 1951. 


. Copman, E. A.: A study of the cases of accidental x-ray burns hitherto recorded. 


Philadelphia Med. Journ. 9 (1902), 438, 499. 


. Cote, H. N.: Chronic Roentgen-Ray Dermatoses as Seen in the Professional Man. 


. Cotwe tL, H. A. and Russ, 8.: X-ray and radium injuries. Prevention and treatment. 


Oxford Medical Publications. Oxford University Press 1934. 


. Dantet, J.: The x-rays. Science 3 (1896), 562. 
. Devuticke, P.: Uber Réntgensarkome. Brun’s Beitr. z. klin. Chir. 169 (1939), 214. 
. Fraskamp, W.: Uber Réntgenschiiden und Schiden durch radioaktive Substanzen 


Sonderbd. Strahlentherapie XII, Berlin 1930. 

FRIEBEN: Demonstration eines Cancroid des rechten Handriickens, das sich nach 
langdauernder Einwirkung von Réntgenstrahlen entwickelt hatte. Fortschr. 
Rontgenstr. 6 (1902), 106. 


2. HaaGensen, C. D.: Occupational neoplastic disease. Am. J. Cancer 15 (1931), 641. 
3. Hesse, O.: Das Réntgenkarzinom. Fortschr. Réntgenstr. 17 (1911), 82. 
. Hsortu, P. A.: Lupus carcinoma, with special reference to the applicability of radio- 


therapy. Acta radiol 38 (1952), 323. 

Hottuusen, H. and Encimany, K.: Die Gefahr des Réntgenkarzinoms als Folge det 
Strahlenbehandlung. Strahlentherapie 42 (1931), 514. 

Krause, P.: Ein Beitrag zur Kenntnis des Réntgencarcinoms als Berufskrankheit 
Strahlentherapie 35 (1930), 210. 

LABORDE, S.: A propos des cancers provoqués par les radiations. Bull. Assoc. franc. 
p. étude du cancer 20 (1931), 129. 

LACASSAGNE, A.: Les cancers produits par les rayonnements électromagnétiques. 
Actualités scientifiques et industrielles, p. 975. Hermann et Cie, Editeurs. Paris 
1945. 

Les cancers produits par les rayonnements corpusculaires. Mécanisme présumable 
de la cancérisation par les rayons. Actualités scientifiques et industrielles, p. 981. 
Hermann et Cie, Editeurs. Paris 1945. 

Lepprn, O.: »Kleine Mittheilungen», Hautverinderungen nach Réntgenbestrahlung. 

Deutsche med. Wehnschr. 22 (1896), 454. 


. Marte, P.,Ciunet, J. and Ravtot-Lapornte: Contribution 4 l’étude du développement 
des tumeurs malignes sur les ulcéres de Roentgen. Bull. Assoc. frang. p. l'étude 


du cancer 3 (1910), 404. 


. Markuse, W.: Dermatitis und Alopecie nach Durchleuchtungsversuchen mit Rént- 


genstrahlen. Deutsche med. Wehnschr. 22 (1896), 481. 


. Meyer, H.: Ehrenbuch der Réntgenologen und Radiologen aller Nationen. Sonderbd. 


Strahlentherapie XXII, 1937. 


. Netson, P. A. and Anperson, H. E.: Development of basal cell epithelioma as a 


consequence of radiodermatitis. Arch. Dermat. & Syph. 63 (1951), 586. 


25. Nretsen, J.: Et tilfeelde af akut rontgenkreft. (Danish.) Ugesk. f. Leger 95 (1933), 462. 
3. — Cancer Cutis (Danish). Ugesk. f. Leger 95 (1933), 464. 

. — Hudkreft. (Danish.) Ugesk. f. Leger 113 (1951), 1638. 

. Pronsxr: Uber Folgen der Réntgenverbrennung. Fortschr. Réntgenstr. 2 (1899), 190. 
. Stevens, L. G.: Injurious Effects on the Skin. Brit. Med. J. 1 (1896), 998. 


236 
2 
AN 
3 
4 
J.A.M.A. 84 (1925), 865. 
9 
10 
l 
t 
16 
17 
1s 
t 
! 


FROM THE INSTITUTE OF RADIOPHYSICS (DIRECTOR: PROFESSOR ROLF M. SIEVERT) 
AND THE GYNAECOLOGIC DEPARTMENT (DIRECTOR: DOCENT H. L. KOTTMEIER) OF 
RADIUMHEMMET, KING GUSTAF V JUBILEE CLINIC, STOCKHOLM, SWEDEN 


THE DOSAGE DISTRIBUTION IN THE PELVIS IN 
RADIUM TREATMENT OF CARCINOMA OF 
THE CERVIX 
by 


Rune Walstam 


Since 1928, radiology has been the only method used in Sweden for 
the primary treatment of carcinoma of the cervix. The treatment con- 
sists of intracavity radium application and roentgen treatment to the 
parametrium. The individualized intracavity irradiation used at Radium- 
hemmet is known in the literature as the Stockholm method, and was 
originally devised by ForssELL and HEYMAN (4, 5). Subsequent experi- 
ence has made it possible in recent years to individualize the treatment 
to an increasing extent. The main factors taken into consideration are 
the general condition of the patient, the macroscopic type of the tumour, 
the width of the vagina, and the degree of involvement of the vaginal 
wall and the pelvic connective tissue, as well as of the pelvic lymph 
nodes. 

In treatment of carcinoma of the cervix, the aim is to cure the pa- 
tient if possible, or to free her from severe symptoms without causing 
irreparable injuries, particularly to the rectum, urinary bladder and 
ureters. 

Dosage measurements made in the pelvis with radium in situ have 
shown that due regard should be paid to the dosage distribution both 
from the intrauterine and the vaginal radium (KorrMerer 9, 10). This 
is necessary for individualized treatment both as regards the anatomic 
type of the tumour and its spread. 

In order for the radium treatment to be as highly individualized as 
possible, the following conditions should be fulfilled: 
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1. There should be several types of intrauterine and vaginal con- 
tainers and they should not be fixed to each other. 

2. The radium treatment should be fractionated. 

(The terminology used is that proposed by HEYMAN (6): 

Radium Tube: the radium salt enclosed in its primary filter; Container: the apparatus 
in which the radium tubes are enclosed at application; Jrradiator: container plus 
enclosed radium; Applicator: instrument for inserting the irradiator.) 


Lgl iliac s 


6 Scm 
Fig. 1. Schematic representation of the anatomic conditions in the pelvic cavity under 
the conditions chosen for the investigations. For the denotation of points (A) anc (B), 
reference is made to Top and Merepiru (15). 


A number of reports are found in the literature regarding the dosage 
distribution in the pelvis with the so-called Stockholm method (2, 7, 13, 
17). In all these reports, however, the authors have dealt with one stand- 
ard application only (c/. Fig. 4). Consequently, these measurements of 
the dosage distribution are of limited use for an evaluation of the in- 
dividualized Stockholm method. It therefore appeared highly desirable 
to obtain a more general conception of the dosage distribution in the 
pelvis with this technique. In view of the many possibilities of variations 
from case to case, the investigation was confined to dosage measure- 
ments in certain types of standard treatments in relatively early cases of 
carcinoma of the cervix. A prerequisite for these determinations was that 
in every case the long axis of the uterus lay approximately in the centre 
of the pelvis, as shown in Fig. 1. 
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Isodose Measurements 


For each irradiator or pair of vaginal irradiators, isodose curves were 
recorded in two planes at right angles to each other; the measurements 
were made in a water phantom, using the apparatus shown in Fig. 2. 

(A detailed description of an automatic recorder with a scintillation 
counter in place of an ionization chamber has been given by Cote, 
Moore and SHALEK (3).) 

The irradiator is attached to the same axis as a circular turntable, 22 
cm in diameter, and rotated with it. An ionization chamber which is 
movable radially in relation to the axis of rotation is coupled to an amphi 


Turntable 


To amplifier 
and instrument 


ionization Radium irradiator 
chamber 


Fig. 2. The apparatus used. 


fier and instruments for dosage-rate reading. A dosage-rate meter which 
is a modification of that constructed at the Institute of Radiophysics by 
SIEVERT in 1949 (KoTrMEtER 9, 10) was used for the measurements. In 
principle, the instrument resembles that later described by TURNER and 
Newsury (16). The instrument readings are kept constant by moving 
the ionization chamber during the rotation of the irradiator, 7. e., the 
ionization chamber runs along an isodose curve. A pen, mechanically con- 
nected to the ionization chamber, records this curve on the turntable. 
Throughout the measurements, the ionization chamber is kept 4 em below 
the surface of the water. 

The volume of the ionization chamber is 0.3 cm*; consequently, it 
cannot be used for measurements in the immediate vicinity of the radium 
irradiators (1). In order to decrease the errors caused by the geometric 
conditions, the apparatus was calibrated against a radium preparation 
with a dosage-rate gradient close to that of the irradiators in question. 
Measurements at shorter distances than the diameter of the ionization 
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chamber (7 mm) were avoided. The primary results of the dosage meas- 
urements with two different techniques are shown in Fig. 3. 

When working with a non-automatic device, the more rapid but less 
accurate technique (b) may be preferable (e. g. from the point of view 
of radiation protection). 

The primary results were analyzed with respect to the symmetric 
conditions of the irradiators, and in order to decrease any errors in the 
apparatus. 
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3a 3b 
Fig. 3. a. The irradiator has been continuously rotated; moving of the ioniza- 
tion chamber in the radial direction has caused it to follow the isodose 
curves in question. b. The irradiator has been rotated stepwise 30°. For 
each step, the ionization chamber has been moved radially and dots drawn 
for each of the desired isodose curves that has been passed. 


Owing to the relatively heavy filtration (3 mm lead) used on practical 
vrounds for all the irradiators, the softest components of the irradiation 
are eliminated, and the dose in the tissues and the body cavities is the 
same as that measured in the phantom. The results of the measure- 
ments are shown in anatomic sections in Figs. 4—11. 

Each of Figs. 4—7 comprises a section (a) in which the isodose curve 
for the intr = and the vaginal irradiator, respectively, is recorded 
separately, and a section (b) in which the sum of these curves is 
shown. 

The dose at each point in both planes of the section can be calculated 
from (a), even if the intrauterine and the vaginal irradiator are not in- 
serted for the same length of time. The dosage distribution when both 
irradiators are inserted for the same length of time is obtained from (b). 

In applying radium in the types of treatment illustrated in Figs. 
4-7, the following conditions are always observed (KorrMEreR 11). 
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4:a) 


Fig. 4. Type of application in a disc-shaped tumour. 


A. The intrauterine irradiator: The irradiator is pushed up to the 
fundus, 7. e. the upper part of the corpus. 

No radium is applied in the lower 1.5 to 2 em of the cervical canal. 

The length of the container and thus the quantity of radium is 
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Scm 


Fig. 5. Type of application in an ulcerated disc-shaped tumour. 


adapted to the length of the uterine cavity, so that the dose at a distance 
of 2 cm from the centre of the irradiator is fairly constant. 


B. The vaginal irradiator: The container is chosen to give the most 
adequate irradiation of the tumour tissue and the parametrium. The 


importance of different types of vaginal containers must therefore be 
stressed. 
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Fig. 6. Type of application in a narrow crater or in a tumour involving the upper part 
of a narrow vagina. 


The radium is placed as far laterally as possible in the container, 
in order to avoid overdosage in the rectum. 

Under these conditions, the quantity of radium applied is practically 
constant. 
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Fig. 7. Type of application in a tumour involving the posterior wall of the vagina. 


For these types of treatment with the typical Stockholm method in 
current use at Radiumhemmet, 53 to 88 mg of radium (depending on 
the length of the uterus) are applied in the intrauterine container and 
70 mg in the vaginal container. 

Many years ago, Heyman, on the basis of clinica] experience, recom- 
mended an increased intrauterine irradiation. Using the aforementioned 
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radiation-dosage measurements on patients undergoing treatment at 
Radiumhemmet, KoTrMerer (9, 10) demonstrated the importance of 
intrauterine irradiation for the dose given to the paracervical tissue and 
to lymph node metastases in the lateral pelvic wall. Consequently, at- 
tempts have been made to increase the dose from the intrauterine irra- 
diator and thereby to obtain a better dosage distribution in these areas. 

This has been realized by increasing both the quantity of radium in 
the intrauterine container and the diameter of the container. These new 
intrauterine irradiators are filled with short tubes (10 mm long) each 
containing 50 mg of radium, concentrated in an extremely small volume. 
tach source of irradiation may therefore be regarded as a point source. 
The quantity of radium applied, its distribution in the container, and 
consequently, the dosage distribution, can be varied within some limits 
by means of distance tubes (cf. Figs. 8 and 9). 

Figs. 8—11 show the dosage distribution in some of the types of 
treatment in which these new irradiators have been used. The dots denote 
the position of the radium sources in the irradiators. 

It is evident from these figures that such irradiation in the uterine 
cavity can increase the dose to the lymph node regions. If the dose 
from the vaginal irradiator is correspondingly decreased, the risk of over- 
dosage to the rectum and urinary bladder is obviated. 

The measurements reported here deal only with the most common 
types of treatment with the Stockholm method given at Radiumhem- 
met. Their publication at this stage was nevertheless considered to he 
warranted, although they comprise only the first step in more compre- 
hensive investigations on the dose distribution in individualized therapv. 
Measurements in other types of treatment and with other irradiators are 
in progress. 

Valuable contributions to the knowledge of the dosage distribution. 
with the resulting possibilities of further individualization of treatment, 
may be obtained by means of systematic dosage measurements in the 
urinary bladder and rectum. 

Different techniques and instruments for such measurements have 
been tested for many years at the Gynaecologic Department of Radium- 
hemmet (Srevert (14), INGELMAN-SUNDBERG (8)). 

Fig. 12 shows an instrument that can be used under varying anatomic 
conditions to a greater extent than those tested earlier. Its use has per- 
mitted systematic dosage measurements to be made on all those pa- 
tients treated for carcinoma of the cervix during the past year. From 
clinical experience, it is possible after some training to follow fairly satis- 
factorily with this instrument the individual topographic conditions in 
the areas to be measured (cf. LEDERMAN (12)). 
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Sem 


Fig. 8. Intrauterine irradiator with 5 tubes, each containing 50 mg of radium. 


Fig. 9. The same irradiator as in Fig. 8, but with 3 tubes each containing 50 mg 
of radium, and 2 distance tubes. (This type of irradiator gives a somewhat 
uneven dose distribution in the first few millimetres of tissue, but clinical ex- 
perience shows this to be of little consequence.) 
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Fig. 10. Intrauterine irradiator with 7 tubes. each containing 50 mg of radium. 
(n. b. No radium in the lower two cm of the cervical canal.) 


Fig. 11. The same irradiator as in Fig. 10. (x. 6b. The radium applied to the 
external os.) 
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Fig. 12. The instrument used for dosage measurements in the 
urinary bladder and rectum. 


The instrument, which is intended for clinical use, has a curved 
measuring probe, 8 mm in diameter, and an ionization chamber with a 
volume of 0.3 em’. Since the graduated markings on the probe are very 
distinct, the distance of the ionization chamber from the site of insertion 
can be read off even when the probe is used with a sterile covering 

The amplifier and measuring circuits are driven from the A. (. line 
and resemble in principle those described by TuRNER and Newsury 
(16). The potentiometers and the controls are, however, built-in, so that 
only the zero adjustment of the instrument is made at the clinic before 
each series of measurements in the bladder or rectum. The scale of the 
instrument is graded in r/h.; under clinical conditions it allows a meas- 
uring accuracy of +. 10 per cent in the range 20 to 180 r/h. Calibration 
and functional tests, as well as the necessary adjustments, are made each 
week by the physicist in charge of the work at the clinic. 

The results of these measurements will be reported in a later paper 
from the Gynaecologic Department of Radiumhemmet. 


SUMMARY 


Isodose measurements have been made in a water phantom around intrauterine and 
vaginal radium irradiators. A short account is given of the apparatus and of the results 
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of the measurements. Eight figures show the dosage distribution in the pelvis, under 
certain anatomic conditions, in some of the more usual types of treatment of carcinoma 
of the cervix. 

In connexion with the study of the dosage distribution, an instrument is described 
which has been used for the past year for systematic dosage measurements in the 
urinary bladder and rectum of patients treated by means of the Stockholm method. 


ZUSAMMENFASSUNG 


Messungen der Isodosen sind in einem Wasserphantom um intrauterine und vaginale 
Radiumpriparate herum vorgenommen worden. Ein kurzer Bericht iiber die Apparatur 
und die Ergebnisse der Messungen wird abgegeben. Acht Figuren zeigen die Dosisverteilung 
im Becken — unter gewissen anatomischen Bedingungen — in einigen der iiblichen Be- 
handlungstypen des Cervixkarzinomes. 

Im Zusammenhang mit dem Studium der Dosisverteilung wird ein Instrument be- 
schrieben. das in den vergangenen Jahren fiir systematische Dosismessungen in der Harn- 
blase und im Rektum bei Patienten, welche mit der Stockholmsmethode behandelt 
wurden. angewendet worden ist. 


RESUME 


ldes mesures de doses ont été pratiquées dans un fantome d’eau autour d’irradiateurs 
de radium intra-utérins et vaginaux. L’appareillage et le résultat des mesures sont briéve- 
ment présentés. Huit figures montrent la distribution des doses dans le bassin, dans 
certaines conditions anatomiques, pour quelques-uns des types les plus courants de 
traitements de cancer du col. 

A propos de l’étude de la distribution des doses, l’auteur décrit un instrument qui 
a été utilisé pendant lannée écoulée pour la mesure systématique des doses dans la 
vessie et dans le rectum des malades traitées par la méthode de Stockholm. 
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BOOK REVIEWS 


DIE OBJEKTIVE STEREOSKOPIE AN RONTGENBILDERN. Eine diagnostische Methode. Von 

A. Hasselwander. 187 Seiten, 125 Abb., Georg Thieme Verlag, Stuttgart 1954. DM 

27. 

HASSELWANDER’s newly published book with the above title consists of some 180 
pages, a hundred of which form the first part, which is called ‘general part’, the remainder, 
the second part, bearing the heading of Die diagnostische Ausbeute. 

The general part, which without doubt is the better, first deals with the human 
power of appreciation of depth which among other things depends upon perspective 
and accommodation. This is followed by a description of the path of the rays in roentgen 
photography and of various roentgen-stereoscopic methods, including the author’s, as 
well as his special apparatus for the stereoscopic examination of films. The various pos- 
sible combinations obtainable by the placing of the films in the stereoscope and the 
effects upon the resultant picture produced are described in detail. The most important 
section in the first part is probably that which deals with the conditions for the ‘correct 
proportioning’ of the picture, that is to say, the stereoscopic picture must appear as large 
as the object and in the same proportions in all directions as the latter. Regarding the 
movement of the roentgen tube between the two film exposures, HASSELWANDER relies 
almost entirely upon distance and very seldom upon angles. This appears to be dictated, 
among other things, by his own far from modern apparatus. He does not mention, for 
example, the Lysholm skull table in which the foca! distance is, of course, fixed and the 
movement of the tube in stereoscopy most conveniently expressed in degrees. The author 
looks upon the stereoscopic picture as a real picture, which, provided certain exposure 
conditions are fulfilled, may be “touched with the hands” through the stereoscope and 
serve as the foundation for delineation and modelling in all planes. In the representation 
of an object with considerable depth, for example the thorax, the optimal focal distance 
of 55 em must be increased to say, 150 cm. If this occurs with an increase in the optimal 
stereoscopic angle, the impression of a diminished picture will be obtained, but one 
which in other respects bears correct proportions. 

The author finds it difficult to believe that tomography possesses any kind of ad- 
vantages over roentgen stereoscopy. The reviewer must for his part express a divergent 
view regarding objects having much irregular and crowded detail with a markedly varying 
and to some extent high roentgen absorption factor. It appears that in such cases the 
tomographic method is obviously superior to the stereoscopic. 

One seems to miss a few things in the general part, as for example the optimal stereo- 
scopic angle in microradiography and reference to certain sources of error which occur 
in stereoscopy even when the method is employed lege artis. 

The fact that HAssELWANDER is an anatomist and not a radiologist has given a special 
character to his work and this applies particularly to the second part of the book which 
may be regarded as worthless to the practical working radiologist who may hope to obtain 
from it instruction in the employment of stereoscopy within the sphere of modern roent- 
gen diagnostics. Twenty-seven pages of anatomy illustrations must unfortunately be 
looked upon as lying quite outside the compass of a work upon objective roentgenologic 
stereoscopy. 

Arne Frantzell. 
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RADIOLOGIE DU REIN ET DE L’URETERE. Par R. Gouverneur, P. Porcher et R. Hickel. 

440 pages, 412 fig. Masson & Cie, Editeurs, Paris 1953. Frances 5,400: —. 

A textbook, written mainly for Frenchmen, of the diagnostic radiology of the kidneys 
and ureters. Much space is devoted to intravenous urography. The authors present a good 
general description of the examination technique, roentgen anatomy and most diseases of 
the kidneys and ureters. The presentation is simple and readily comprehensible. The au- 
thor’s views are on the whole acceptable, although several sections of the survey of the 
roentgenologic signs constitute a jig-saw puzzle of ‘images’ that could with advantage be 
fitted together. The abundant illustrations, many of which are of high quality, represent 
an important part of the book. Olle Olsson. 


RONTGENARZTLICHER BEITRAG ZUR FRAGE DES HERDGESCHEHENS. Von Carl Kruchen. 
92 Seiten. Arzte-Verlag, G. m. b. H., Kéln 1953. DM 6.80. 


This publication offers little of interest for radiologists. The author sets out the kind 
of help a radiologist can offer in the diagnosis and treatment of inflammatory conditions. 
He expresses regret that roentgen treatment is seldom administered for infections in teeth 
for which he records good results with resorption doses. 

Several views and theories on the biologic effect of roentgen therapy are presented. 
These might have been omitted without loss. On the other hand, in the discussion on the 
treatment of arthritis the author might have touched upon the results attained with ACTH 
and Cortisone. 

It is pointed out that in the irradiation of periarthritis in patients with histories of 
yall-bladder or liver afflictions, one may run into considerable trouble in the way of 


radiation sickness after doses of only 100—200 r. : 
Folke Jacobsson. 


A STANDARD COBALT® TELETHERAPY 
SOURCE CAPSULE 


We have received from the Chairman of the Medical Division of Oak 
Ridge Institute of Nuclear Studies, Oak Ridge, Tennessee, U.S.A. a copy 
of a short statement on a standard cobalt** source capsule which has 
recently been adopted by the manufacturers of cobalt** and of roentgen 
equipment in both Canada and the United States. A similar statement 
has been sent to Radiology and to Nucleonics for publication, to which 
journals our readers are referred. Detailed drawings of the capsule are 
available from the Medical Division, Oak Ridge Institute of Nuclear 
Studies. The adoption of this standard source capsule is of considerable 
importance to therapeutic and industrial users of cobalt** throughout the 
world. The standardization of a capsule for all sources of cobalt®* of all 
sizes and strengths will allow each one to be transferred in its capsule 
from machine to machine relatively easily and inexpensively, the cobalt* 
thus maintaining a decreasing but considerable value with an extension 
of the effective economic half-life of the isotope from five years to 20 or 


30 vears. 
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